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NOTICES

This report was prepared as an a account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any
employees, nor any of their contractors, subcontractors, or their employees, make any warranty,
exprcss or implied, or assume any legal liability or responsibility for the accuracy, completeness,
or usefulness of any privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States Government
or any agency, contractor, or subcontractor thereof. The views and opinions of the authors
expressed herein do not necessarily state or reflect those of the United States Government or any
agency, contractor, or subcontractor thereof.

When Government drawings, specifications, or other data are used for any purpose other
than in connection with a definitely Government-related procurement, the United States
Government incurs no responsibility or any obligation whatsoeveh. The fact that the Government
may have formulated or in any way supplied the said drawings, specifications, or other data is not
to be regarded by implication, or otherwise in any manner construed, as licensing the holder or any
other person or corporation, or as conveying any rights or permission to manufacture, use, or sell
any patented invention that may in any way be related thereto.

"This technical report has been reviewed by the Public Affairs Office (PA) and is releasable
to the National Technical Information Service (NTIS), where it will be available to the general
public, including foreign nationals.

This report has been reviewed and is approved for publication.

O MICHAEL G. KATONA, PhD
c ea Manager, Air Pollution Control Technology Chief Scientist, Environics Directorate
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recirculating ventilation, and three tests were performed during only split-flow ventilation. Data from the
two sets of tests show that pollutants concentrate toward the bottom of the booth during ordinary
painting operations; that local processes associated with circulation near the paint spray gun contribute
far more to the net exposure to the painter than do toxic pollutants in the recirculated air stream; and
that, under well-ventilated conditions, including split-flow and recirculation of a large fraction of the
exhaust air, equivalent exposures to airborne toxic pollutants (calculated as the sum of 8-hour, time-
weighted concentrations of toxicants divided by their respective Permissible Exposure Limits) should not
exceed 0.25 in the intake air. An economic analysis of costs to implement thermal or catalytic
incineration, with and without flow reduction by split-flow and recirculating technologies, projects
substantial savings, such that the payback periods for inclusion of flow-reduction technology during
installation of the control device are about 1 year. The recirculation of air in the paint spray booth did not
result in an increase in air contaminants that would exceed the capability of proper respiratory
protectior.. The magnitude of the incremental increase in exposure derives primarily from particulates in
the recirculated air. This is defined by the particulate removal efficiency of the particulate controls, which
can be compromised by improper maintenance. However, with proper design, installation, and
maintenance, the increment to risk is normally less than the round-off errors in the calculation of net job-
related risk. Because the cost benefit is obtained at an increase of risk of exposure to painters, the
acceptability of this cost-benefit tradeoff will have to be resolved by industrial hygiene functions at both
policy and local levels before this advance can be implemented at Air Force installations.
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SUMMARY

A. OBJECTIVE

The objective of this program was to demonstrate that split-flow and recirculating
ventilation, individually and in combination, are safe and cost-effective methods of reducing paint
spray booth exhaust flow rates to lower the costs both of conditioning intake air and of
controlling volatile organic compound (VOC) emissions in exhaust air.

B. BACKGROUND

This study was part of an extended program of investigations into the cost and efficacy
of innovative approaches for bringing U.S. Air Force industrial operations into compliance with
current and anticipated air pollution environmental standards. Adequate ventilation of paint spray
booths requires the movement of large quantities of air, which are slightly contaminated during
passage through the booth. Air exhausted from this process requires decontamination, which,
although technically achievable at operating flow rates, can be prohibitively e~cpensive. Because
emission-control costs depend on the volume of exhaust air being treated, considerable bavings
can be realized through the application of an acceptable flow-reduction method.

A first principle of industrial hygiene is to employ engineering cbntrols to their limit before
invoking personal protection. In dealing with exposures to airborne toxics, the mainstay
engineering device is enhancement of ventilation. However, increased ventilation creates
enormous volumes of slightly contaminated air, which must be treated before discharge and, in
many situations, the cost of such treatment is excessive. In such circumstances, a judgment
must be made about the relative cost In Increased exposure compared to the economic benefit
in decreased operating cost. The goal of this study was to provide experimental data to support
the development of a general Air Force position and objective criteria for local decisions about
the acceptability of using flow-reduction methods in paint spray booths, based on local health-
risk/cost-benefit considerations.

C. SCOPE

This study comprised two sets of experimental measurements in Booth 2, Building 845,
Travis Air Force Base (AFB), California, plus the results of an ancillary effort conducted at
Research Triangle Institute (RTI) to verify experimentally that the flame ionization detector (FID)
used in the ventilation control loop is within its linear response range at the equivalent exposure
limit for the mixture of solvents present in the mixed topcoat. The first set of experimental

* measurements was a baseline characterization of the distribution of toxic pollutants at the
exhaust face and in the exhaust duct of Booth 2. These data, the RTI results, and the test plan
for the second set of tests were reviewed by HO AFLC3/SGBE before approval was given to
proceed with the recirculation tests. The test plan and engineering drawings were reviewed by
the Fire Department, Safety Office, and Civii Engineering Office at Travis AFB3 and approved
before implementation. For the second set of tests, the ductwork In Booth 2 was reconfigured
to separate exhaust streams from the top and bottom of the booth (split-flow) and to return the
upper exhaust stream to the intake plenum for recirculation through the booth. The volunteer
painter was briefed and signed an informed consent form before participating In the study.
During separate painting sessions, several sets of concentration measurements were made of
VOCs, particulates, heavy metals, and isocyanates. Equivalent exposures (E,.) were calculated
from these data, and projections of Em were made for a range of recirculation ratios, together
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with an economic analysis of the corresponding costs to install flow reduction technology and

apply VOC emission control devices.

D. METHODOLOGY

Per standard Travis AFB policy, painters in Booth 2 wear a protective jump suit, a
separate hood, and an airline respirator. To determine exposure concentrations, sampling was
performed simultaneously inside and outside the respirator, at 24 locations at the exhaust face,
in the exhaust ducts, and, during the second set of tests, at three locations at the face of each
of the two intake filters. To determine environmental contributions to the load of pollutants,
background air samples were collected at the back of the booth prior to the release of any paint-
derived materials. Standard sampling methods used were National Institute of Occupational
Safety and Health (NIOSH) Method 1300 (integrated measurement of individual organic species),
Bay Area Air Quality Management District (BAAQMD) Method ST-7 and U.S. Environmental
Protection Agency (EPA) Method 25A (continuous measurement of total organic concentration),
Occupational Safety and Health Administration (OSHA) Method 42 (filter faces and ducts) and
NIOSH Method 5521 (painter and ducts) (isocyanates), EPA Method 5 and NIOSH Method 500
(particulate), and EPA Draft Multiple Metals and NIOSH Method 7300 (metals). Paint usage was
determined by weighing the gun after each filling and at the end of each painting session. The
percent volatile content of the paint was determined gravimetrically, as percent weight loss to
evaporation. Airflows were measured with an anemometer (American Conference of
Governmental Industrial Hygienists [ACGIH]) in the booth and with a pitot tube (EPA 2) in the
exhaust ducts. Painting start and stop times were recorded manually by an observer, stationed
at the rear of the booth, who also noted the dimensions and locations of workpieces painted,
coatings applied, and other details. Projections of equivalent exposures at different recirculation
ratios were calculated by a Lotus 1-2-3 program written at U.S. EPA-Air and Energy Engineering
Research Laboratory (AEERL).

E. TEST DESCRIPTION

In both test series, representative workpieces were prepared and coated according to
normal operating procedures. During each such painting run, measurements were made of one
of the four pollutant classes using the methods specified in Section D. A typical painting session
lasted 30 to 90 minutes, and included postpainting cleaning of the paint spray gun with methyl
ethyl ketone (MEK) and tidying up of the area. In general, two sets of tests were accomplished
during an 8-hour shift, corresponding to a typical workday. A complete series of blood chemistry
parameters was determined for the painter at the conclusion of the testing.

F. RESULTS

Concentrations of airborne toxic pollutants are recorded in the tables of the report.
Strontium chromate occurs as the major contaminant during primer coating and was the largest
contributing factor to the Em. Organic exposures were minor during all painting exercises,
except that high isocyanate exposure occurred outside, but not Inside, the painter's respirator
during topcoat application Inside a comfort pallet (caused by airflow restrictions in the closed
space, and unrelated to the mode of ventilation in the booth). The newly constructed
recirculation duct was a source of several metals. These metals were included in E,
calculations, but the concentrations are expected to decrease after the newly constructed
surfaces are blown clean. Contributions to Em from recirculation are significantly less than the
Air Force criterion of 0.25 imposed by HQ AFLC/SGBE for these tests, and much less, In
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general, than the contribution from the painting process. The painter showed no evidence of

overexposure during the posttest medical evaluation.

G. CONCLUSIONS

Data support the prediction that workplace exposure levels during recirculation of paint
spray booth exhausts, especially combined with split-flow extraction of the pollutant-enriched
lower portion of the exhaust stream, can be maintained less than an arbitrarily selected criterion
(here, Em = 0.25). Flow splitting as a technology is only marginally effective; however, in
combination with recirculation, it acts to lower the concentrations in the recirculated stream at
a given rate of recirculation. Computational projection of Em to larger recirculation rates, and
interpolation of results of an earlier economic analysis of scale-related costs to decontaminate
exhaust air, indicate that available cost savings allow projected payback periods on the order of
1 year for thermal or catalytic incineration.

H. RECOMMENDATIONS

Improvements should be examined to augment or replace present-generation filter and
water particulate control systems. Concurrently, or when the improved technologies satisfy loca,
standards, a combination of flow reduction and VOC control should be implemented in an area
of intense regulatory pressure as the definitive prototype. A standardized set of criteria should
be established to guide site selection, design, installation, and maintenance.

Accesion For

NTIS CRA&I
ur rIC TAB
U1ltanlo0Jriced Q

Dr;trIbutionl

Avdilability Codes

Avdil a,3diorDist Special

v

(The reverse of this page is blank)



PREFACE

This final report was prepared by Acurex Environmental Corporation, 555 Clyde Avenue,
Mountain View, CA 94043, under Contract No. 68-D2-0063, for the U.S. Environmental Protection
Agency (EPA), Air and Energy Engineering Research Laboratory (AEERL), and the Armstrong
Laboratory Environics Ditectorate (AL/EQ), 139 Barnes Drive, Tyndall Air Force Base (AFB) FL
32403-5323. The industrial hygiene evaluation was performed by Clayton Environmental
Consultants, 1252 Quarry Lake, Pleasanton, CA 94566.

This report describes measurements of background concentrations of airborne toxic
pollutants in Booth 2, Building 845, Travis AFB, CA; design and construction of modifications to
the booth ventilation system; measurements of airborne toxic pollutants in the modified booth
during split-flow and concurrent split-flow and recirculating ventilation; and a projective analysis
of equivalent personnel exposures and net costs to operate, flow reduction and emission control
systems at varying recirculation ratios. The work was performed between February 1991 and
September 1992. The Air Force project officer was Or. Joseph D. Wander. EPA project
managers were Charles H. Darvin and Jamie K Whitfield.

indispensable cooperation and support were provided by a number of Air Force functions.
Ted Liston (60 EMS/MAEFP) provided facilities in Building 845 and practical advice; Terry
Kirkbride (60 EMS/MAEFP) and Mark Sandy (60 ABG/EM) managed coordination with cognizant
Travis functions and solicited volunteer painters; Sgt. Bill Fleming and Bill Harrison painted during
the baseline and split-flow tests, respectively; Richard Smith painted during ýhe recirculating
ventilation tests; TSgt. Haugen (DGMC/SGPM) saw to the posttest evaluation of Mr. Smith and
secured his release of the test results; Det 6 AL/SAO, Brooks AFB TX, performed metals and
isocyanate analyses; Major John Seibert, Det 6 AL/EHI and the designee of Col. Bruce Poitrast,
AL/OE-CA, was an active contributor to discussions of baseline data and the test plan for the
recirculation tests; Col. Phil Brown, HO AFLC/SGBE, accepted responsibility for authorizing the
performance of the recirculation tests, after several iterative discussions of these baseline results
plus data and conclusions from experimental verification of the capability of flame ionization
detector (FID) technology to reliably detect equivalent exposure limit of a complex (specified)
mixture of paint solvents. Major Steve Bakalyar, AL/OEMI, offered constructive suggestions and
contributed to the final version of this document.
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APPENDIX D

BOOTH MODIFICATION DESIGN AND CONSTRUCTION PACKAGE

The booth modifications are illustrated in t..',e accompanying schematics and described

briefly below.

A. DUCT MODIFICATIONS

Downstream of the existing exhaust blower (exhaust fan 1) a 48-inch-diameter sheetmetal
tee was installed in the existing duct. Two motor-operated, 48-Inch-diameter air dampers were
installed on the exhaust ports of the tee (dampers 1 and 2). Damper 2 was installed on the
downstream side of the tee and between the tee and the continuation of the existing 48-inch-
diameter duct. It controls the flow of exhausted gases to the atmosphere outside the building.
Damper 1 was installed on the branch side of the tee and controls the flow of exhausted gases
to the inlet duct for recirculation. A new 48-inch-diameter sheetmetal duct was Installed between
damper 1 and the existing fresh air supply duct.

Control of the two damper air motors is regulated by Analysis Safety Valve (ASV)-1
(ASCO Model 834911), a four-way dual solenoid valvewhich allows plant air to flow to or vent
from the air motors according to the feedback control system (discussed below). In the event
of power loss, the solenoid valve fails to the fail-safe mode, i.e., the single-pass position, which
closes damper 1 and opens damper 2, thus diverting all exhaust gases to the atmosphere
outside the building.

In addition to modifications to the existing ducts, a new 30-inch-diameter axial blower and
duct was installed to vent the lower chamber of the plenum.

B. FEEDBACK CONTROL SYSTEM

A failsafe damper interlock control system was designed to respond to an Instantaneous
emission peak exceeding the STEL action level and to a 60-second emission level at or above
the TLV.

The interlock system (see drawings 8380E100 and 8380E101) was equipped with the
following features:

* Total unburned hydrocarbon (TUHC) analyzer (Ratfisch Instruments type RS 55CA
heated total hydrocarbon analyzer FID) (ASE-1/AST-1).

* Failsafe controls (ASA-1/ASV-1):

- An instantaneous interlock to begin single-pass operation when STEL
concentration action level is exceeded.

- An adjustable timer (set at 5 minutes) to ensure single-pass operation for a
predetermined time after STEL or TLV Interlock activation, prior to converting
back into the recirculation configuration.

1



- An adjustable timer (set at 60 seconds) to delay operation of the TLV
concentration interlock for 1 minute while continuing monitoring operations. If,
after 1 minute, the concentration is still above TLV, the system initiates the single-
pass mode.

- An indicator light to indicate that the 60-second TLV concentration timer is "on."

- An interlock to convert the system to single-pass mode if the hydrocarbon
analyzer power is turned off or its flame goes out.

- A solenoid valve wired and plumbed to return to the single-pass operation mode
whenever there is a power loss.

C. PERMIT VARIANCES

At the start of this study, the paint booth was operational and permitted for use in the
single-pass mode. In conversations with the Bay Area Air Quality Management District
(BAAQMD), it was determined that a new permit to operate the booth after modification was
unnecessary; a notification letter to BAAQMD in advance of the modification sufficed.

2
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30" 0 GALVANIZEDSTEEL SPIRAL LOCK-
NOTES: SEAM DUCT, TYP.NT: ALDME N(UNITED MCGILL UNI-
1 . ALL DIMENSIONS SEAL ROUND DUCT

ARE APPROXIMATE * -AND FITTINGS, 2-10
AND SHALL BE FIELD INCHES W.G., OR
VERIFIED. APPROVED EQUAL)

2. TRANSITION PIECE 22 GAUGE MINIMUM
SHALL BE MADE IN 44
SECTIONS WHICH CAN
BE PASSED THROUGH
THE EXISTING 30" 0 EXHAUST FANPERSONNEL DOOR.

3, TRANSITION PIECE
SHALL INCLUDE ALL
SUPPORTS AND
FASTENERS. TRANSITION PIECE

FABRICATE FROM
MINIMUM 22 GAUGE
GALVANIZED SHEET
METAL (SEE NOTE
2 AND DRAWING

.... 8380M107)

Lower Exhaust Plenum Chamber
Transition Piece and Exhaust Duct Isometric

for Travis AFB Building 845 Paintbooth No. 2
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Position Diagrams of Damper Control 4-Way Solenoid Valve ASV-1
Describing Various Energized and Do-energized Positions

and the Effect on Dampers No. I and No. 2

6



wx=~c,,,-
-JU
CdC-

III

~JI
I o00

ci

SI (

w ii

, ®I

0.0

I I 0

I I
- - - ----- ------ --- --

7
(The reverse of this page Is blank)



I N

I til

I Hill
HI Itl



..... low -

7 7 .................

Ii

i~i

I I

I / '

Ila
_______H4-



- - I

ja

I I

T[ JI -

I.I

IIII I I IIII I I I

I IIil l

-I I•, ['



I f its

~~i HIMi l':igi1

it I 111



ii

I I

iwu~t

I•uu [ IIM

- III

'I i'*'ii



f,,' itt! f~ii1ti•

"It o i II

t-! , II

w"ill

L4giNii I Ix

,• l-• •:il l*lht2"



jiI

I4
- .0:: m

~33~ggot

t~ WP )

LU M
IM 5S .

-47

LU 0 Q '-l



Cl-

3~0

-~ - J

I- N )m

i-a 03U')III
o ~ ~~~~~ _________ - ,

uj~ .... . CIe2 L
E ' I

uuJ

w
LA.

w LID

('CnCL CL
Cý m w

Cfl~ 0
~m

____ ___ ___ ___ ___ ___ ____ ___ ___ ___ ___ __Ulm_ 1<1 I



APPENDIX E

ORGANIC DESORPTION STUDY
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NATONAL UPRSS LABORATORIES, INC.

ATEI
Mbvký90* &*~OXW#NW"bg" Ift

AuMOSW vieW, CA 94e4
(415) M4U4W

FAX (415) N41773

June 4, 1991

Ms. Jackie Ayer
Acurex Engineers
555 Clyde Avenue
Mountain View, CA 94043

Ms. Ayer:

Here are the NIOSH 1300 information I promised you. Our final
report to you has all been corrected for desorption efficiency.
The desorption efficiency study was performed at three levels
approximately 100ug, 700ug, and 1400ug per tube. The MDL study
was performed using the same amount as level I of the desorption
efficiency study. The correction factor used in calculating your
NIOSH 1300 is slighly different from this set I am sending to
you. The only difference is that I had normalized all recovery
greater than 100 percent to 100%. This set I am sending you has
was not been normalized for recovery greater than 100 percent.
There is only about 0.1 to 0.6 percent difference between the
numbers. If you want your reports revise using the new
correction factor please let me know.

Sorry this took so long. I hope this did not cause you any
inconvenience with your project.

Sincerely,

.k~3Daniel New, (
GC Section Manager
Mid-Pacific Environmental Laboratory Inc.
National Express Laboratory
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MID-PACIFIC ENVIRONMENTAL LABORATORY Page 2
Instrument ID, 3400-2 (DB624 60m column)
Date: 4/25/91

Desorption Efficiency Study - Level 1

Extract Average
conc. Al A2 A3 A4 %Rec.

HEK 37.00 104.82 104.57 104.99 104.18 104.64
XTHYLACETATE 35.00 103.64 103.55 103.29 101.56 103.01
2-BUTANOL 38.00 101.60 99.80 101.38 99.92 100.67
N-BUTANOL 33.00 93.65 92.62 93.33 93.04 93.16
METHOXYACETONE 13.00 49.37 49.11 48.08 49.52 49.02
ETHOXYETHANOL 28.00 21.35 21.59 23.88 22.33 22.29
MIBK1 31.00 104.61 103.58 103.50 102.03 103.43
TOLUENE 34.00 103.57 102.63 102.51 101.11 102.46
BUTYLACETATE 26.00 105.15 104.17 104.05 103.08 104.11
ETHYLBENZENE 34.00 105.76 104.81 104.31 103.47 104.59
M & P XYLENE 34.00 98.47 134.76 119.45 129.22 120.48
PKGE ACETATE 38.00 105.00 104.47 103.52 102.90 103.97
O-XYLENE 35.00 101.18 101.46 101.42 100.65 101.18
2-EOE ACETATE 38.00 106.95 106.23 100.73 105.04 104.74
2-MOE ETHER 38.00 66.66 69.15 71.00 66.08 68.22

---------------------------------------------------------------

Deoorption Efficiency Study - Level 2

---------------------------------------------------------------
Extract Average

conc. 81 B2 B3 B4 % Rec.
---------------------------------------------------------------

MEK 185.00 101.28 92.99 99.24 100.94 98.61
ETHYLACEITATE 175.00 100.77 92.15 98.52 99.73 97.79
2-BUTANOL 190.00 97.92 89.68 95.49 97.36 95.11
N-BUTANOL 165.00 96.04 87.79 94.12 95.48 93.36
METHOXYACETONE 95.00 82.71 74.71 80.82 82.38 80.16
ETHOXYETHANOL 140.00 65.70 58.65 63.85 65.98 63.54
MIBK1 155.00 99.92 91.01 97.57 98.80 96.82
TOLUENE 170.00 99.48 90.54 97.04 98.25 96.33
BUTYLACETATE 130.00 101.05 91.88 98.33 99.45 97.68
ETHYLBENZENE 170.00 100.37 91.55 97.85 99.15 97.23
M & P XYLEWE 170.00 108.54 89.66 95.80 97.12 97.78
PMGE ACETATE 190.00 99.14 90.21 96.58 97.81 95.94
O-XYLENE 175.00 96.08 87.66 93.62 94.92 !3.07
2-EOE ACETATE 190.00 98.93 90.42 96.43 97.79 95.89
2-MOE ETHER 190.00 76.16 68.80 73.87 75.16 73.50

-----------------------------------------------------------
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Page 3

Desorption Efficiency Study - Level 3

Extract Average
conc. Cl C2 C3 C4 % Rec.

---------------------------------------------------------------
MEK 370.00 99.69 100.85 99.40 98.23 99.54
ETHYLACETATE 350.00 98.78 99.88 98.82 97.82 98.83
2-BUTANOL 380.00 96.79 97.87 96.51 95.40 96.64
N-BUTANOL 330.00 95.38 96.61 95.10 94.27 95.34
METHOXYACETONE 190.00 85.83 87.10 85.60 84.97 85.88
ETHOXYETHANOL 280.00 81.10 78.81 77.96 77.52 78.85
MIBKI 310.00 98.84 99.33 97.67 96.82 98.17
TOLUENE 340.00 98.12 98.74 97.00 95.95 97.45
BUTYLACETATE 260.00 99.14 99.86 98.49 97.85 98.83
ETHYLBENZENE 340.00 98.08 98.78 97.52 96.81 97.80
M & P XYLENE 340.00 97.76 97.40 96.17 95.46 96.70
PMGE ACETATE 380.00 97.26 97.89 96.73 95.99 96.97
O-XYLENE 350.00 93.79 94.46 93.37 92.72 93.59
2-EOE ACETATE 380.00 96.97 97.90 96.79 96.07 96.93
2-MOE ETHER 380.00 79.70 79.86 79.62 79.61 79.70

Average Desorption Efficiencies (percent)

Level 1 Level 2 Level 3 Average

MEK 104.64 98.61 99.54 100.93
ETHYLACETATE 103.01 97.79 98.83 99.88
2-BUTANOL 100.67 95.11 96.64 97.48
N-BUTANOL 93.16 93.36 95.34 93.95
METHOXYACETONE 49.02 80.16 85.88 71.69
ETHOXYETHANOL 22.29 63.54 78.85 54.89
MIBK1 103.43 96.82 98.17 99.47
TOLUENE 102.46 96.33 97.45 98.74
BUTYLACETATE 104.11 97.68 98.83 100.21
ETHYLBENZENE 104.59 97.23 97.80 99.87
M & P XYLENE 120.48 97.78 96.70 104.98
PMGE ACETATE 103.97 95.94 96.97 98.96
O-XYLENE 101.18 93.07 93.59 95.94
2-EOE ACETATE 104.74 95.89 96.93 99.19
2-MOE ETHER 68.22 73.50 79.70 73.81
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APPENDIX F

REDUCED DATA FOR THE BASEUNE TEST SERIES
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Travis AFB NIOSH 500 Particulate

Date: 16 April 1991 STP Booth:
Start Time: 14:48 P-29.92 "Hg T- 66.6
Stop Time: 15:48 T-68 IF Ps 29.87

Volume

I I ITime ISample I Volume Collected I Weight I Weight I
I I Sample I Sampled lFlowrate ICollected 1 * STP J GAin I Gain I

Site Location I Date lNumberl (min) I (1/mn) I (1) I (1) I (g) I (mg) I (mg/m3)

III I III
1 116 April 12 65.00 I 3.1 201.50 201.70 0.0001 1 0.2 1 0.793
2 116 April 1 15 1 54.00 3.02 1b3.08 1 163.24 1 0.00000 1 0.0 1 0.000
3 116 April 1 3 1 63.00 1 3.13 1 197.19 1 197.381 0.00014 1 0.1 1 0.709
4 116 April 1 81 62.001 3.093 1 191.77 1 191.951 0.000001 0.01 0.000
5 116 April 1 11 1 65.00 1 3.094 1 201.11 1 201.31 1 0.00009 1 0.1 1 0.447
6 116 April 1 19 1 63.00 1 3.098 1 195.17 1 195.37- 1 0.00000 1 0.0 1 0.000

7 116 April 1 13 1 64.00 1 2.961 1 189.50 1 189.69 1 0.00055 1 0.6 1 2.899
8 I16 April 1 141 62.00 1 3.133 1 194.25 1 194.44 1 0.00047 1 0.51 2.417
9 116 April 1 17 1 63.00 1 3.056 1 192.53 1 192.72 0.00021 1 0.2 1 1.090

10 116 April 1 16 1 63.00 1 3.059 1 192.72 1 192.91 0.00076 1 0.8 1 3.940
11 116 April 1 18 1 63.00 1 3.033 1 191.08 1 191.27 1 0.00311 3.1 1 16.260
12 116 April 1 4 1 62.00 1 3.074 1 190,59 1 190.78 1 0.00118 1.2 1 6.185
13 116 April 1 5 1 63.00 1 3.074 1 193.66 1 193.85 1 0.0008 1 0.8 1 4.127
14 116 April 1 9 1 63.60 1 3.068 193.28 1 193.47 0.00291 2.9 15.041
15 116 April 1 39 1 63.00 1 3.016 1 190.01 1 190.20 0.00691 6.9 36.331
16 JIG April 1 33 1 62.00 1 3.062 1 189.84 1 190.03 0.00526 5.3 27.680
17 116 April I 1 1 63.00 1 3.079 1 193.98 1 194.17 0.0143 14.3 73.648
18 116 April 1 37 1 64.00 1 3.077 1 196.93 1 197.12 1 0.00662 1 6.6 1 33.583
19 116 April 1 27 1 63.00 1 3.077 193.85 1 194.04 1 0.00435 1 4.4 1 22.A18
20 116 April 1 30 1 62.00 1 3.098 1 192.08 1 192.27 1 0.00465 1 4.7 24.185
21 116 April 6 63.00 1 3.023 1 190.45 1 190.64 1 0.0002 1 0.2 1.049
22 116 April 2 1 63.00 1 3.076 1 193.79 1 193.98 0.00088 1 0.9 4.537
23 116 April 1 32 1 63.00 1 3.054 1 192.40 1 192.59 1 0.00533 1 5.4 27.935

24 116 April 1 36 1 62.00 1 3.107 1 192.63 1 192.82 000201 1 2.0 1 10.424
Painter O 116 April 1 251 0.00 1 3.0641 0.001 0.001 0.00000 1 0.01 N/A
Painter UH 116 April 24 1 63.00 1 3.086 1 194.42 1 194.61 1 0.00000 1 0.0 1 0.000

(Duplicate) 10 I16 April 10 1 63.00 1 3.199 1 201.54 1 201.74 1 0.00068 1 0.7 1 3.371
(Duplicate) 15 116 April 35 1 0.00 1 3.178 1 0.00 1 0.00 1 0.00046 1 0.5 1 N/A

Blank 116 April 1 7 1 0.00 1 0 1 0.00 1 0.00 1 0.00000 1 0.0 1 N/A
I I I I I 1 0.00 1 1 0.0 1

Exhaust Duct 116 April I 1 1 1,0671 0.001 0.001 1 0.01

Painter OH = Outside painter respirator hood.
Painter UH = Underneath painter respirator hood.

41



Travis AFB NIOSH 500 Particulate

Date: 17 April 1991 STP Booth:
Start Time: 16:05 Ps29.92 "'Hg Ta 68

Stop Time: 17:18 T-68 "F Pa 29.93

Vol um

I I j Time I Sample I Volume ICollectedl Weight I Weight I
I ISamplelSamplediFlowrate ICollectedl 9 STP J Gain I Gain I

Sit; Location I Date INumberi (min) I (1/min) I (1) 1 (1) I (g) I (mg) I (mg/m3)

II I I I I I I I
1 117 April 1 40 1 84.00 1 3.052 1 256.37 1 256.45 1 0.00003 1 0.0 I 0.117
2 117 April 1 58 1 70.00 1 3.01 1 210.70 1 210.77 1 0.00009 1 0.0 - 0,000
3 117 April 1 22 1 83.00 1 3.036 1 252.15 1 252.24 1 0.00000 0.0 * 0.000

4 117 April 1 34 1 82.00 1 3.102 1 254.36 1 254.45 1 0.00000 1 0.0 * 0.000

5 117 April 1 52 1 84.00 1 2.87 1 241.08 1 241.16 1 0.00008 0.11 0,332

B 117 April 1 46 1 82.00 1 3.096 1 253.87 1 253.96 1 0.000001 0.0 * 0.000
7 117 April 1 29 1 83.00 1 2.964 1 246.01 1 246.09 1 0.00000 1 0.0 * 0.000

8 117 April 1 23 1 82.00 1 3.102 1 254.36 1 254.45 1 0.00042 1 0.4 I 1.651

9 117 April 1 43 83.00 1 3.045 1 252.74 1 252.82 1 0.00019 1 0.2 I 0.712

10 117 April 1 59 1 83.00 1 3.039 1 252.24 1 252.321 0.0000 1 0.0 * 0.000

11 117 April 1 45 1 82.00 1 3.02 1 247.64 1 247.72 1 0.00095 1 1.0 1 3.835
12 117 April 20 1 82.00 1 3.036 1 248.95 1 249.04 1 0.00042 1 0.4 1.687

13 117 April 1 31 1 82.001 3.041 1 249.36 1 249.45 10.00078 1 0.8 3.127

14 117 April 1 38 1 82.00 3.038 249.12 1 249.20 1 0.00179 1 1.8 7.183
15 117 April 1 48 1 82.00 1 2.963 242.97 1 243.05 1 0.00012 1 0.1 0.494

16 117 April 1 49 1 82.00 1 3.043 1 249,53 1 249.61 1 0.00219 1 2.2 8.774

17 117 April 1 42 1 83.00 1 3.045 1 252.74 1 252.82 1 0.00218 1 2.2 1 8.623

18 117 April 1 44 1 83.00 1 3.071 1 254.89 1 254.98 1 0.00522 1 5.2 20.472
19 17 April 1 41 1 82.00 1 3.048 1 249.94 1 250.02 1 0.00635 1 6.3 25.398

20 17 April 1 53 1 82.00 1 3.084 1 252.89 1 252.97 1 0.00357 1 3.6 14.112

21 117 April I 51 182.001 3.012 1 246.98 1 247.071 0.000441 0.4 1 1.781

22 17 April 1 55 1 82.00 1 3.062 1 251.08 1 251.17 1 0.00065 1 0.7 1 2.588

23 17 April 47 1 82.00 1 3.026 1 248.13 1 248.21 1 0.00115 1 1.2 1 4.633

24 17 April 1 21 1 82.00 1 3.05 1 250.10 1 250.18 1 0.00072 1 0.7 1 2.878

Painter OH 117 April 1 50 1 78.00 1 3.008 1 234.62 1 234.70 1 0.00085 1 0.9 1 3.622

Painter U1i 117 April 1 57 1 78.00 1 3.036 1 236.81 1 236.89 1 0.00000 1 0.0 * 0.000

(Duplicate) 10 117 April 1 66 1 82.00 1 3.16 1 259,12 1 259.21 0.00044 0.4 1.697

(Duplicate) 15 117 April 1 54 1 82.00 1 3.144 1 257.81 257.89 0.0024 2.4 9.306

I 1 1 1 0.00o 0.0 N/A
Blank 117 April I 1 0.001 01 0.00 1 0.00 0.0 N'/A

Exhaust Duct 117 April I I 6U.00 1 1.053 1 63.18 63.20 0.0 1 0
Exh. Duct Dup 117 April 1 60.00 1 1.089 1 65.34 65.36 0.0 1 0

Painter OH = Outside painter respirator hood.
Painter UH = Underneath painter respirator hood.
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Travis AFB Isocyenates

Date: 19 April. 1991

Start Time: 11:26 Booth: STP:

Stop Time: 12:26 T- 64.3 P-29.92 "-g
P- 29.8 T-68 "F

Volume

I J J Time I Sample I Volume ICollectedl HMND I HIDI I
S ISample JSampledJFlowrate ICollectedI S STP Iper FtlterlConcentrationJ

Site Location I Date INumber I (min) I (1/min) I (1) I (1) I (ug) I (ug/m3) I

I I I I I I I I I
1 119 April 8 66.0 3,082 203 205 , 1.0 1 t 4.9

2 119 April 6 55.0 3.314 182 183 I 1.0 < 5.5

3 119 April 2 65.0 3.048 198 199 I 1.0 < 5.0

4 119 April 4 64.0 3.115 199 200 I 1.0 t 5.0

5 119 April 1 20 66.0 1 3.069 1 203 1 204 1 < 1.0 1 < 4.9

6 119 April 1 14, " 1.0 1 3.144 1 201 1 202 < 1.0 < 4.9

7 119 April 1 7 64.0 1 3.015 1 193 1 194 < 1.0 1 < 5.Z I
8 119 April 1 13 61.0 1 3.094 1 189 1 190 < 1.0 < 5.3

9 119 April 1 22 1 65.0 1 3.160 1 205 1 207 1 < 1.0 4 4.8

10 119 April 1 23 1 64.0 1 3.069 1 196 1 198 1 < 1.0 < 5.1

11 119 April 1 51 1 64.0 1 3.158 1 202 1 203 < 1.0 1 < 4.9 1
12 119 April 43 63.0 3.112 196 197 < 1.0 1 5.1 1

13 119 April 15 65.0 3.125 203 204 c 1.0 1 < 4.9

14 119 April 5 64.0 3.149 202 203 < 1.0 1 4.9

15 119 April 59 64.0 3.167 203 204 1.3 6.4

16 119 April 58 63.0 3.119 196 198 1.0 5.1

17 119 April 1 34 1 65.0 1 3.136 1 204 1 205 1 - 1.0 1 < 4.9 1

18 119 April 1 18 1 64.0 1 3.120 1 200 1 201 1 1.5 7.5

19 i19 April1 19 164.01 3.1311 200 1 202 1 2.5 12.4

20 i19 April1 9 163.01 3.1621 199 1 200 1 2.2 11.0

21 119 April 21 1 65.0 1 3.120 1 203 1 204 1 1.0 • 4.9

22 119 April1 25 164.0 1 3.151 1202 1 203 1 1.0 1 4.9

23 119 April I 1 1 64.0 1 3.118 1 200 1 201 1 1.0 1 5.0 1

24 119 April 1 35 1 63.0 1 3.136 1 198 1 199 1 1.0 1 5.0 1

Exhaust Duct 119 April 1 10 1 55.0 1 3.1721 174 1 175 1 , 1.0 4 5.7

(Duplicate) 10 119 April 1 11 1 64.01 3.1271 200 1 201 1 < 1.0 < 5.0

(Duplicate) 15 119 April 1 24 1 64.0 1 3.156 1 202 1 203 1 1.6 7.9

Painter UN 119 April 1 54 1 65.01 3.1161 203 1 204 1 < 1.0 4 4.9

Painter OH 119 April 1 41 1 65.01 3.1061 202 1 203 1 t 1.0 < 4.9

Blank 119 April 1 16 0.0 1 N/A I N/A I N/A I < 1.0 1 N/A I

I I I I I I I I
Exhaust Duct 119 April I Tube 1 53.0 1 0.9911 53 1 53 1

Painter UH = Underneath painter respirator hood.
Painter OH = Outside painter respirator hood.

45



Travis AFS Isocyanates
Date: 19 April. 1991

Start Time: 15:15 Booth: STP
Stop Time: 16:00 T- 65.6 P-Z9.92 "Hg

Pm 29.88 T-68 *F
Vol uM

I j Time I Sample Volume ICollectedl HIDI I HMDI I
I I Sample ISampledlFlowrate ICollectedl I STP Iper Filter IConcentrationi

Site Location I Date I Number I (min) I (1/men) I (1) I (1) I (ug) I (ug/m3) I

I I I I I I I I I
1 119 April 1 26 1 49.0 1 3.105 1 152 1 153 1 < 1.0 1 c 6.6
2 119 April 1 17 1 40.0 1 3.341 1 134 1 134 1 1.0 1 4 7.5
3 19 April 29 147.01 3.0121 142 1 142 1< 1.01 7.01
4 119 April 1 39 1 46.0 1 3.041 1 140 1 140 1 1.0 1 < 7.1 1
5 19 April1 451 48.0 1 3.057 1147 1147 1' 1.01 6.8
6 119 April 1 57 1 47.0 1 3.133 1 147 1 148 1 c 1.0 1 < 6.8 1
7 19 April1 53 1 47.0 1 3.019 1142 1142 1 1.0 1 7.01
8 119 April 1 31 1 45.0 1 3.103 1 140 1 140 1 < 1.0 1 < 7.1 1
9 119 April 1 46 1 48.0 1 3.132 I150 1 151 1 1.0 1 6.6

10 119 April 1 48 1 47.0 1 3.044 1 143 1 144 1 1.0 1 < 7.0
11 119 April 1 30 1 "47.0 3.035 1 143 1 143 1 1.0 < 7.0
12 119 April 1 37 1 46.0 1 3.116 1 143 1 144 1 < 1.0 1 < 7.0

13 119 April 1 12 1 47.0 1 3.118 1 147 1 147 1 4 1.0 1 6.8
14 119 April 1 47 47.0 1 3.143 1 148 1 148 1 - 1.0 1 4 6.7 1

15 119 April 1 32 1 46.0 1 3.176 1 146 1 147 1 1.2 1 8.2 1
16 119 April 1 33 1 46.0 1 3.155 1 145 1 146 1 - 1.0 1 - 6.9 1
17 119 April 1 38 1 47.0 1 3.128 1 147 1 147 1 4 1.0 1 4 6.8
18 119 April 1 42 1 47.0 1 3.133 1 147 1 148 1 - 1.0 1 , 6.8
19 119 April 1 40 1 47.01 3.120 1 147 1 147 1 2.8 1 !9.0 1
20 119 April 1 52 1 45.0 1 3.159 1 142 1 143 1 1.0 1 c 7.0 1

21 119 April 3 1 47.0 1 3.109 1 146 1 147 I 1.0 1 ' 6.8 1
22 119 April I 55 1 47.0 1 3.150 1 148 1 149 • 1.0 1 6.7 1

23 119 April 1 28 1 46.0'1 3.1311 144 1 144 I 1.0 1 6.9
24 119 April 1 49 1 46.0 1 3.128 1 144 1 144 1 1.0 1 6.9

Exhaust Duct 119 April 1 36 1 42.01 3.159 1 133 1 133 1 1.0 1 7.5
Exh. Duct Dup. 119 April 1 44 1 42.0 1 3.129 1 131 1 132 1 1.0 1 7.6
Exh. Duct Blnk 119 April 1 27 1 42.01 N/A I N/A I N/A I c 1.0 1 N/A I
(Duplicate) 10 119 April 1 70 1 47.01 3.1301 147 1 148 4 I1O I 6.8

(Duplicate) 15 119 April 1 50 1 46.01 3.168 1 46 1 146 1.3 8.9

Painter UH 119 April1 72 1 48.01 3.0986 149 1 149 c 1.0 < 6.7

Painter OH 119 April 1 71 1 48.0 1 3.185 1 153 1 153 I 1.0 I 6.5
Blank 19 April 56 0.0 N/A N/A N/A < 1.0 N/A

Exhaust Duct 119 April ICharcoall 42.0 1 0.991 1 42 1 42
1 Tubv I I I II

Painter UH = Underneath painter respirator hood.
Painter OH = Outside painter respirator hood.
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APPENDIX G

REDUCED DATA FOR THE POSTMODIFICATION TEST SERIES

47



U, I O0 IN co

Cj_ ccc4C c CCN CCC -4 C- =C CCCCCC

LA.

LO LU ILL

COA It in -4

0' wI - Io -

M0- FI p w

o0 ?ýj 00C 4 NA rC .4 nvo- oW -w -co .I(4 0

-V~ C Cr-C C C

CL

LU a. '!4
C C C C_ C

w~ww Cw w w *0 wto 0
a-

-a m MIX Cm CmCo C)

"t C
04InC ~O6D~C~tWOCCCCCCCC~tCCWODOOO~L

4-i o

,iU 1-

m.4cimn - - mwo o o o 00

u a.
0 M N ON n W 4N~0 a).40 -O

Ill... C In In -4N.--4,0 mw=G .M f
LU ~ ~ ~ ~ ~ ~ ~ ~ t wv=.P00 0 00 CN"0C OI OO 0 0 0= -, i 5 1 .4.4. 4Sag C, a - 4 42 C. CD- a C)

a a00 O)W C* 00 ItoN -4 I-

;I-.a.. 0. 4

L"0C 100C)J
Q:-- CC. 0CJ co~

u4Ii~- 4 %.- Pa~.



Wej C4 cm ~I*IJ~~
-, 2..I K K K K Z -1 _j -j KZZ -1- Z- i- j - j- j _ 1 1- 1- j- j- i-

co I

NJ..J :

31.a LL = c2 9=~ cuua cmA m d
-- 22 PI2Im cc = ~ - . ~ . ~ -

c = = I..C c = === == C 0c0
w- v--. K v vE K v K

c4 Vj VVV I

0.00'-C
c3.. ;:J~s wfl-. i0 I )$

clj ~ ~ -a 3-- tK K c; Kýc mc ;c ýcc ýc 2 ý c ýc ýi
Vz V% Vz Vw

-A

r.. -j -j _jI~C _j (

cc l 1% 1 zO ve Nc~j!2cOj

;C. v MvfuW-.~UC9 v v v. I

U, I* c C 17aCaC!C C CC O 0 C @O C

I m cm~404 c3)~ I (a mW )Nc2 -a 4r
L)O.-I mnnl AI c,4 3a.4.- C' 2 .N )Lol

ILnJ ..J .- I WM 'NCM 2 N 120If

immo cc2,~

u J c"L V r f % I % % * C
Kto . --

49c



mml

,._ I

* I -

I~,v

-- MEil

U- O



* ,, ,

WU.

..+.. .. ..

5-,-



Ut

in

I I2 in

w.

eke

IAI

* 2 , N



* I I I

* I *I

* a, I

� : a: �S V. I

:*oR * 0

*
-S

I S S S II 55

MIA * * * �

* S S � I
�

U-

-- ________________________ Ii
* S
* S
* S

* S

-l . .
£ 0 0

* � -vN .1 '0
* � 0 N -
S S

* 
S''04

* S - -

* 
I I 0�

S 
S .00

S * .* 55

V� 4 '0
* S

* a a � *- *� - * a
V

-. S i
L1 �'w =5

'0 u� S S ui S

XI I I* a 0 0 -

N '0
S S

I
* .� u� t. a a
* S I S . S *-
* 0 0 0 0 0 0

* 5- *

S iji
_________________________________

.5' -i�. I
L� I � 0 0

-' ' � b�I� �v V j �!
S S. S S - S
S S S
S 5 5

53



9 9

4 I S S
' *'

- : u:
S - S Sue* *'v v v v * v v3� 9 - S -s U U
* � * �*
* 5 I 55 55

0 S L
* S S I I

-5-
U.
- - Em
WE NM

- urn
* S
* S

* S

V V V V V
* A
* S
* S - -

S S* U U

V V V V V V �VV
* C * 3

I.-

W

V V
V 2W �V *V �

* .5
* 55 U

* S U
* S -

U* :3
* S U

* a
V V V V V V i�

* V V V V V
* - U
* W 5 U�

____________________I.- 0.

I

* 9
-h

, -d -
5- 5 * - q:A ! I V V V

� S.

�' V�V V V: !: * -

S S___________

Is

54



- a

U a ~a

b- U

rib-

3. V

Li@ r

v v

it if

* .. 5



C U, I

Moo

- r- r

.c3 IcU OhO c2 &NU In wU W CUr~ ( Ln m wm NN in

am IOl -a1 -(7 inwi ,wart oNc -4 co men -a maccJ~ 1 C C40 C4 W- Cn C4 M en r. ItcCCf M q

r- aC aI _ c r- c c

'c

(4l =.I~ fC1 G C3 CO CM CV 00 I 0 - CD C0 CW C 4

m ;c- I

0044,0 M4 0 0 r in. 40 42 LM40 I 0 41 010r 0 =-4 r 0 Oh 4=- l4 CM ý 0 CID
q 1-4 c3 wN -4 rwe winq Vven PM e4n cc 4~ Cr, v 4 w 4 V env nNji o-r-o

w410 tob *00 -o0)c a 0a ,cQ 0) 0

w) CCC Ct -- C C

LL. LaJ4 0
(0. t Cd C C C C

cc

14.4 x 0 10C.00004
w. CL (4- V4W1-MP0W4 i V001 C3 WrU"WW ifOIU 40 N LOM tW r01W04

3":. I= IL.t

< LJ -,I
t2cal7 C

'C2m
0.0s~-" to 4 4

ou ea* R 30
-i-I~. Ogg W100N4O4 00044 -C 00 440'c Cn Iý .4..0t4 40044 ~ % N Mr N0 4

c L I l a40 a0-"N.1 C) E'
(^N0 0 Iýr

IM 4.1 ..- -4010 WC"-4 in W qWC3 - -400 U OCn - ti MC" t4 400401 CDw n l 44

I' 1 -0 -- - 4 4 4 -4- 4 4 -4 - 4 .4.4 *4 *. - - - *4-~

LJ g. 0 c

LOI M.C C

~(40 44. .N0NN4.44 O 140004400p.Nur.N456 -0



In ga6 gn In4 C3 431 - j j

W-, M, I NO ,.. z~m=2.J i.m..JJ.J. 2J....in inca 9 93 m = i

'_jZz ZZ ZE ZZZZZ == x x cZzKzZZZZ

= ~ (S 0 0 00 0 0
ccr c;c $

_tul i -- I -- -

t -i.~i g v 00 v 0 00 vv vv 0 v0 vvvvvvvvv

CL C3C3 00 0 0 00 0.j--*.4 0 0

=-- 1 -

02 00 00

I s w 041
Lu-Itn ~ cc -i -1~-- 01 -A 40!

.4 44 41 4141 inCD 41 3 == f l

LP# V 0 ,v v v v
cc- 00 00

a cc r
too

1 4  P 656)M c 0 3 n nm m
..l44 .Z _; *ý *fL0. . .

00 00 0 0

LAc i C! c!I !- CCC -

=1I 0yýl 4)2 =cj u

Sag.I HI LO i0 -02Aa-a0 ,-aCM
40 CDD~ CD..NýlP-% C. J45 C

0 c 00

C.L

~In~ .~I7



a a
ma
0a- a a

4 a * y--, S * a
-a U: N N
*

V V a
U U MIa. a ** **

* I-
a L 1 1

3m mu
-- 3-

a. * a* a
* S* a

* S j j �II
.8 � �2 � 22

IPI*- -
* -

* a @0
* C a

* a @0* a
a.....�:03

4 � I.
Na a -* a

Wa a
Wa

MI MI 4 * @0 afl�

0 Wa 4ua
a a a.a a *
a a -:31
* - MI MI 4 MIa - aa a - � � aa 5 1
a - Mg 'a-
a V
a MI * Na a

a _______________________ 5

* a Il
* .�

aa U *
.a a ** a *.

h :� E :�:
a� -

aaaa. aa a. 5 _____ ________________

a a

�ii

58



* S *

LUUS

C..

V "V

-SI I- I



caa

_0 X

-' in -

urno

@60



pn a' In a~V
S; *

-h 5 0 Sin

S-on

fig

-SI1



* S
a.
- S S5:

V V V S V V
Ez U, a -

S ___________________ii�
�- 5-
- - 5-U=3 mm

'S.
* S
* a
* S
* S
* S

!SI I �I V till
V - -

.2 a ma* ii
* S
* a I-. I'-* * -

* - 9-
* @0
* . S
* 0 0

* S S *S **

* -I. V V I V V �
V V V� V : 8

WI I-;jI II 1j
- SI
-S�- WI I - - - --

S U
V V V V VY so

S S 55 £

:3 I
V V V V V

* -

S 5-

VbV
�

S WIS S -

I
2

w8

62



caa

-iin

V r*
-, -

ow

v v

bl V

wig2 ~ 2~

w u



C' CCCC CCCCCCCC~ECOCC

0 u I

a t- ;
uw ý- !PJ.' J Ol*'^'VBV "v v v -vIv v 1 -_ _ _

0 1.-I IA-4f.-a c cOLA cci crUcN M-cc

LU I cc to.- P, rI-4 0 n. q

-
-

v

to tO.. m tpI c2 tLCnI* rq0 Nw W002 i* L o

CL c CLj~
CI E K I

r cK I NjOL

- j 
33 L.N ~ N N N( I A

--- ~~~~ ~~~~~~ C" 0- - 4 4--- -- ---- -

cc
-J go~ C"I Qc ' QwF(. , L , ,I

Il CD

cc 21 ' - -- -- - - -- - - - - - -- --L.
qhtO0-N I N ( 0 ~ ( M

CD CDL
.4N~ ~)m.- ~t~f~P1.U

LL, ~ ~- r2 r

LA 0l

0 0. = Iz

C3

U64.mm ý



-i 1 0 16 W1 61 61

.01 U) V3r (A 1 0 - l 0

to a 00 0 0 0 a
I r_ C r- c c C

-JL- I

s-' l (n0u
J-A -. 0 00 0 0 0

61- 010 16 16

i~ I-r; ;C t2- 4N-C; 6.r; C. I W ~ C; 5-3 i-4leg
Lai5 FA0( ( 0 (0 V)

C.-li S 0 00 0 0

IG 61 61 1 161 61

IJJ cc 00 0 0 0 0 Li 0

Z I V) V w.U V rr
0R 0 0 0C- I 0, 0,: Jý4AM 3-J I

w Cj Cj j C i C

z 1 ( . . -40 (0 W 0

000 0 0 0

I CC, C!C(%

dw -A ZAR -1 .0 *4c .ocn cp4 .4U ... ) 0) .4)00-

*= -Im n

.4.J U.-( 40~.~ Lfl.4 ) Q RC2C 00 cm C, 1 Q a

CL C~ 0" 0R 0) 000 000 00 0 0n

--- 40 - -l 04 r - -4-4--4---4- -4 -4 -r.4 W-W--- E - N D
Il! 0 LJ -0

L'i) 0) c
CL LI

LW- ca-
00

01 5



let It
'Ja,

.42 as.

- I

US0
w•y

* t I

: in
* 0

66"

* 28



I I
"S I

U,;

es v

544

ma ADaa 5 .

S ~. 67



I I

wOS

iiI 'P" II
-I WI 0 I !

,,I f



-3 0 inW 0.

4

a. v a lam
on4-NEW

MIIn

VS!,

.2 t
I Ulf

* 5 'C 9



a us

a v

40'

ra LL.

MAS a

S* * -* Sn-,.70



*a a

mv a ma

t- I - -

0-fr0

c S

P- w
op..4 4

4 ~ P'S -



w*. I

N i I

L JAJ W

tm.- - 0- '010 -0' 'a 0- '137-0"=uw=ircccc ccc c cc cccCccccc

I zc~ccccr-cccccc c~ccccccccc

LAJ ~ ~ ~ ~ anM-4- 00-
-ýi cccccccc cc ccc c c ccczccca c

0l.I

= LI In C.-40) C,.!. 4 C0O W U1l-4 COUMO "ULOMM
L.JL I 04 L MW 01W OO )NII -W.I t0tP
L.JL.J 'I-. -t 't-N-

0' In C c a c c c

M7I. ;. C4) CIA CI4Jn(.N N lNNNj)
2-c) C1f.
XLZ 1 .-

U*. Go- 0 0 1 0 0 0O O C )c nC00)I
LII. I

U,

4h~2 I I 00= - CD -44-- -4 -4 -44------4 -42 0-4 - - - =
101.0 .0 go stsO

10 '-'1r

qhICIC 0 c 0 N 0
I CO%4'(COUCDCONIS CO N 1OOI N~C CD(O(O1

(D~uu.~ w - e

~0.I DWNN sN.O
2
0~ ~ -4 72I



-j cnjI -- -j .--. j

30 0

'61 ca66 1 S
LaX I. X40 X-. -

I- Uj v9Q.J v

C-i ~ 14 61j v vvv vvv 61 vv0vCv

LU- aLJ~ tC'I~ 41 LLO

a~I .. i..0.. J-J JJ---J-J ._.N j_ j_ jI_

I I VV xV Vy V 3LV VV V V VX X z x VVVVV

10!0 I0 0 00 '
CL C3 CDC wr-c0

-Ii-- -- 1! 1! 1~.O 9
1=cmcac mcmp ca m 2 C2 i Mm cam cm g c giNO zztt!~vpp~lpLWEX z w zxzzCZ zr

- 0 to 0a0 0, 0
I~~ cC Cr

- I w4 41 164

0-1 0 00 6 it

C- I a 40 = 'a0

ao a- -l -;. C3 a al
IW ~~ W 0 NF-C v.~c v ''LC C

1 0' 0 s
I r~*~I 4~-IS l~ m.c 9 C~

39ma

(DaI4 .4 . - 4 - -4 -4. - 4 - - - - .- - -I CD m

Pý w
uI-i

r8 i-NngCn ýM nl9
CL.n DI F . MM- N - ~ 4 I - C J 6..C-J'A

(A C- " iv q w mm mw 0n m -. -lF . m 0 - mS-wwf
'1 WI 'om M

173



* SU,
* Sa,

a: hv� *
-I N

-a Va-. - M55 SS S S

* * La La

.- ,.- -� I I
=3

* S

* S
* - 2

ff�I A �
.2

* - -
* S 00
* S S S
* 500

* *5 55

* 1. '* 0 N 4

I #5, 4
CS V 5 0

�- *w.- 5
1-U I:w

S US
- � N @4

* 8-
* S
* S *S C
* S =
* 51-1-
* S -

* S

* S
* SN - E�d 4 0

- N -

* S2 'P.
N

* S

* S �* I I
k U

0. 0.4 - -i;fl �
[I �2
* S S _____________

* Silaili 2W5

74



C C;,-
U,0

ii

a:I

a -!

5- ...

-u

SS

75



a C,

* C t

ine

~16
GoVV

76V



a a

i in

0 q

in

upI moo
lu.

a__ __ __ ___ __ __



U,
* I

em
-S
-S

-3 U,
-h

_ U
U; �
-, U,

S __________________

- e- -.
- -
U. U-
-- -'I.
as -

* S

* S

* 6 SI I i*U
.2 � ai ill

* S
* S 9' �
* I - -
* S
* S OW
I S **

* S U a
* -S. �iiI I I S S
* *�V V V V

p-c 3-
* Ii

*5- I�w

w

I �I�IuI
IS �

N �V �V V
* S
* I *I U

I S -

S S :3-
S 5

I I I II I
In' V V �VV V

*______________________ II
*�1

S �V :
I I

LI :�, �2 -: S -

B K I

78



Va V

v V V v

wv v

o a

* 79



"'a -~ No c.NIm .,4 - )
151T 3 9=Van=== a M a Ma am= aa aoaaa

NL I

uj= I LO N £

= f-
uj ~ ~ 00 I. a n =Aaaaaaa===a Man a me a ooaaaaaaaa

c, a) ao t

am cm c3 ;l a.N 1 m4I - -
I-4-U ma0 a W -a M

w g, 1, L0(V -M tON m.4~ m W nc"-M n6 Z0 0 Ut

jio a a at-

Im a

-j

I-~~~~~c C3Io .. 0tuO

mO LaOI0 a a
-C

CA V t ~ t l4~ N

CA r. m-.4m 4 m c -4-- w -4- w4--4 m w44. .4 .4 o o -
L) -j 1

a-I-

CA I I

,n m a CI cý c) Co e

~~ 2 ~ -4- -4q M------4------- M4- w4 -4 I.,4 -- 4- -4 -4cy~ I

I 0 0c2 010 ~ 4 N

C2 a
ej..

to " o d. n 1 L o .4 - -C L c mM 0d

Nji m.4

z wN

a NV~~Lltt~0.IN N ~ g,.C,~£0soL



- ~ ~ ~ ~ ~ ~ ~ J- Ni f-'J. q-i ~0.- C~.p

ujýI owVV VV VVVV V V V VED 0 W 0 0 0 0 0

M2 Ni -i -j -j-

r4.~.. X .-- 01 (-. (-.IV VVVVVmVLVVL

'Q0 000

1 00 0 00

0.R fl I..

cI V

M5 4% #A C' C,-~~ Io 
,N C. 

0.P*~ 0
l~ II4.4 IN I' 1'- 1' 01 "1 1 0 a 3C3c C2) CDXr Cwsi A sw wg we OwV MN.w n.

I CD 2

I Cn WW COO 00 C O0 CL000L 1 n WMV nC 0 L C3 - cC13m o Q. I.

0ujz C 0 to -j

Ni 4- en

00K1



S S
S US

0s
i -gSi

S�E 5 9-5
* S - S&SS S* *v

.. a a S
S � S -, N

S. *t S S S S *S *S

- -
mu am

________________________ 'U
a.

* S
* S
* S
* S
* S. @5
* � N
* . 5 .0.0. * a
S q N I U

* Ut U

S. 5 � a �a � �iII
5 5-
* .� �
S S *S
* S U U
* S
* S St *5

* w, q ?-. I
S S I* - - ff9 g�.
* S * Ua, S -

-. - I�9
I- � N -

S-S S

*MbM S S
cam. * - 9,- ff9 ff9

iAtmX �. S S S S

SN! * ! I
* S

* *5 a
S S -

* S -
* S U
* 0 0

� SaI NNS.
- - 3 SU

-8 ** ___________________________________________j.* I!
* S S �*, � I
* � S S

sq. . S mua -� :�I�:': - I'�! : :� �
B � :;2 - I �I
S4IS. 2

82



P. It I.

c; .;

Cs I- W

P -
I SN

a.i I *
ME on 9

to 46 ___________4

-ve9-f

00 U ____________________..I

* -C

* I .a s



* C C C

me

U
5� 9 '�' '

a * a * - - e - -
* UK S �'S

* C - S M5C C* .v
- *

* *
_____ ___________________L.

= -1'
00

* C
* C

* S S
* - N -

N� � �

* .*t 0
* C
* * C.
* C - -
* C - -
* C CO
* C C S
* C @0
* C

* N '0 N M N *
* S C C C * C C

* r - N if� N
* C
* * mm

0. - Mi
-

SCM N *
9 S.

CA.
we-.- u �e

W XC C
XC

N NI - *

�

C -

* C

* - S

.-8
C ft
* C

*________________________ L. i !
C C :. �� � 2

5-

-, * i4��Si -

a; *- :;2 ; CA'.
= C S S C C

5-WO I� C C S C *�

a

84



W MAa

- , a

U * -,

* - U ' I. o

-W 4

-PI

"* I

In -V

* s0-

* w6



V v v

mIl

I. - u

's -l I-

00 -

* I
HlA

* A6



I -m We

*v ' *v v.

I~~i IQ I

mi I.-

-UM

mev -

in v

CIA

I wrj j

* V V ?3



WI 0 0 1l~l~ N~Go C)f 00 -W

N1 I

K - - -e e - --en --m- -
.. 4 ).

P4Im gni i g 0 C2 03 C3 in 00030 0m M=0= =
LLu Ma~I K mm= 2c me ac mm x = mm acK a

CIO I..-

mn m .F

mi 
4 0 1

w ý= r mrCj cf PI D NW "V C20O 0

0-' I

I-D - I

FD CD 0lo N.4 Nm ao wc - W
in to - ?I L w b LO.0

ccI 0 u~Ot -4. 01N " 0.4-I.N1CO- . 0c = U -.-

in~P v00 4Dm tmucjl Mtn.P. 00 m-Wi0 m"N -0i m1Dn
0-K 1D-.( aI I ~ D .4*4 ~ Wn ~ VI C)~f e

LAI 0 ac at= am a

La.. KU K

*.~- K. '* 4 W44 Dec DW to-*O ~-tcoCc9)~ Lo M- o lMin in *MMinU

-J I.I... ID wV M CI (V - j W. . N N. in 1 in N3g ciC

5n b..%I3

Ln WIný

Lull- ~ ~W E wwn NPC m-40 (0m MEW .- if(0n0DCJI.Il 0(O WlUý M!01mv)N C
ui- .. ntoa o"o u 4db mV N ",w4d CI(II-~ i n

4h I ca 42 CD N 0 IfC3, C" 40 b 0 M, (

t.. I 2 :!SN.4.N f1- -. I.- i~~fN~bIbI WV

CL 0 0 8
laggscn cn4" e

w44d t V V V~0 111111 0000

4b0 0 0 0 0 0 00 0 V n11 ' -1

6"m 11000
6ft N I D,. ji10I.VmvNw0 J 01 N 0 IO 0 0 0il f

LI~~~ 01-4 CIOin-. w* 40fl-. ID44(44 DIIIW1DD-.1D-404
p a NN N N N N N (10 I (N

WIN
4nI a 4c. iL

La 8L .- e n01.1-.-I V~fIPI01 -L j- m D I C



co I a M

cc 0 0 0

zzz < am U It v

fC C r C

tI 4) 0) 01C

el-I L&J I W0eI C~~ J ~ -G O .Lfl Uen

C; C;C ýC zC ;c;-. ;r:. d C ; C;p CC 3c ý
41 3I 4

-b I CD M M

C"aM

40 40 V~l- qP P enIW o w -W
C~-.I0c 0a 0oac tvC~ 0000 C%4aoo 00000

IA I * u
IDb. I -C" 5 - - - - - -- - - ---- - - --

LaiI NOC 0 O

CL



s.. . : : :
- - S

-- , ---____-_________.Ii

SS '



on r

w I
S x e

on %a 40 0.

t* a

Z 0 ' 
Of4 .

FIR - - -



* S * S

* S *�
I

* -. Ua: * a. -
- U S 0 0

S S .0 �S -3... - -, N U
S* ** S S S S. **
B,., S S S ,.� t�

* S S U U

.- .-
mM � U

_________________________ 35
0@ - -..-.

* S
* S
* S
* S
* S
* *0 ,e� . 9-
* S S S S S

0 0 � N U - I I
N e
� N

- -

* 0 0
* S

* ** S.
* '�J* s-a m '- *h. *

* S * * S S * 0. : .u
* S

0.
I.-

S-s I
S-S

B,
WS- *
S-u �*gsa S

* U S *5 *0
B, * 0 0 0 00 0 5=-

S-e. S N S � P3 :* S.
* 5 5* 5

: U, � *1
*

'�� ii
I!

Sal - - -. 3� * S S - 9-
* * * *
*3 * �, U uLu* �: -

-

8;S- leti El 'U -
S. ** 55 5 5 5 5 _________________________________________________________________________________________________ 2

a

92



* 9 9 9

S U' 9U
q *.

, m
* MI* 9

* *V : i: -I, * *. S �S
* , 5 9
9 5 5 I - *9

* 9 ___________________

.3

a @ *
9 S
9 9

4 9 S
* @9 WI 0 * S WI* . 9 5 9 I
* I�J 4 4 WI

* S
* 544

* S * 0

* 49-
* 9. 9 g9.� -* WI4 4 *@9 4

9-
a I

*:WI F-
I S

I-S

WI- �,

4 @94
� 4 1

* 9 9 It

III :..,. 4 2 23

* -* :3
* S I
* 9* 4 4 0 ff1 @9 4
* 5 9 9 I 9 5* WI 4 4 4 WI ff1

* 9- *5

a.
I-

1� � t i* I �I
S - 5 5

� U5 S S :. g
2Eu

93



4 S 4

44 10 m

a~~ * 0S

iv $ vv v

5-94



I a a a
* a *a a

a a
* a -a
- a �a

-J a - a ma U N *0 a P1 WI
-' aU�j I WI a a a a .

a -� a a 0 0 0 I Y* �
a I I

sly WI * N
SEA a . a " 1

Ia *. a I a Ii.
a I __________________

a- a-
mu

@0 -

* N 0 U N *AMJ

* 0 Y- a--

:55
* N a '0 2

- N -

* @0
* * * a -
* 0- 0 WaN

* Ca- - NN w- N 0 3 U
* em

Ca a - W

-, N :5
z

1*1
WI- �'I

WI NO II' I
e 

me
1 __ a a.

a I aa* 5,
a SI-I-
a a:3
a :1
a 0 0 0 I
a a a I I
a C I- I

I I
I I-

* 5 iS I -�I WI H
� £

I I �I __________________

Eu

95



(a~z ac o~

to W I , (lU

- - M n men
I. C I mt

0 00

Za a
to
a- ac OS m -W aaa an Im W) a a a a aa aa

a.at

V0 I.. Uq ) -Mt - r .. m m. am ? t U 02G

meb ac -aaa a a

cc I

CA C

-C 9 '0 c
CA W

I.- . I C N C nqA. 4 .

:I. acC4 .W - I

qh
MM

Q.
I cc CIO

-, mIfC C 0- -- C\J N 0gmPI~0 C" (0 2c C "e C qf
cm .

IA " cn W M4 tnfnmmm ~~.1 1 1 00en

'(C&
0.N0 cm (0.40 %A 0lI0~U ,&0

01c 06N LLCC a~bC C.4 O NO C-f~-.4 O . C...

WI IN qN~ NNf~N~ NNI~~Iff(0(0(096r.



-, en~. I .J 1Jý -- I _jr .

Z Z )( : 0 0m ~

v vv vv v.L~ I 0VVVVVv Vv v vvv vv vvv vv v vv v v v v
z x

aoo-a MMMMM664 -- gm4If C30)O m caX1== MMX W .. . .* .* XX X ...II.J... rm

0 0
e4- i -icm

oi I
t* -C coC) vvvv

0 0

vC 
C

LuNc a z) 3c ac x: axaxmxamz:

I C

q C(OU cm'.U).nM t-L-U)G~)U))Ifww j w ýwn~Mnn0 w wnwnCLO)) jUU))))U0fo kl

"" C

C2, ONI li,%
-- mhczO. 0" 0nmn" mu oaOWe

5m. ~ ~ ~ ~ ~ ~ ~ . .0Nn4ynnnu)ooy4cý go S.

0.N M I a) C, 03 CD~o ~ *

1 140 ze I
0 - 0 0 M "' -4 =N " It") q

LU en w en 0
a: i 4c cm.



o.so

cm ay N-,ka

1C; C;

S•6. U
a ,,.A

• - • • P In
•.....bo

".:o v

14- i1 al, c



S Sto

Co U

4 C4
S ~S V me

NC

*IOU

3c x

S

bon , -

re
WIf A

* 99



Co.

-Iu

IIV
mu, I 0

~02

16 1

100 1



* 4 4 4

* 4 U,1. el
* -- 8� N

* .:� : !:
4 4

*4** I 4 4
4 4 _______________________________

S.. 5-.
.3

-- _______________________..411am

* S I
* '0 N 4 4 0 U 5*4* * . * * * * r* 0 - - - - C -15

N 4 '0
'- N 9

4 S* * 44
* 9 -
* 0 0
* . .
* @0

I S
* @'N 4 ff�
* . 4 4 4 4 4 4 * S* 00 4W1 5*� VS4
* S 0a.

-, �. : 8�

WI.- �4
-� �I 4ILI =4

4 4U� N
S�S �( 4 - 9 99 q-. a

V 0 !. �.
I N 0 I* 9

* 4* £
* S -

:3 I* S

S V� 0 I �
:1

* 5�

*5*1
5- I!

* 4 4

- ..h 4

� I Ii
-� �*

4 5-* w*c C *�* V V V*N-. 5- * - -
U U 4m4* a a a - 5 4 4

*4 *I SI 
4* a.

101



*v v

44 S

v v v e

00 a aft

v -

in I.-Me

:10



14.0

v P1

us*a - t

UA 
L

a aa

* am

a Eu

a a 103



HI-

14 N af N F 0 A N N a

9 : .919 0 b~ oO c~ O @C O .00 O@

9U9 .... .N~'~Q' . .- C :C!Ctqc% qN c! .a . .#..

8,086 0 coeoooma00000oamcoeoemco..esov

NP" N__ IgiN.. ...N
C! .0 C . . . . .-- - - ----- I .9 -9-R TRC VC-! qca-

NNN~ Nffk
a- ~ ~ w. Ism..-a - - - - - - - --- - - --- -Sa~i SC CC ~ C o C @ a O o ~ C ~ i ~ C C

5i PARW 01N VS. RRRaO -U.

'U-,0
PCm

0. x .

0
U,~~~W I--- --

- 10,



v 5:

juL b

0- b, -

v v

I e.

a ~h ~ 105



M. M N ,06n aC, 4v0N0WM 0 Aa

oooooooooooocc~icoaaaa~ooooeooo 8

U. - ccaa8 o

--- .9 .- - - -- .. .9 . . . -1ccl C Ci ý C.9

SU !C-gc-!- .- ---- - - - -- - - .-- - - -- - so - -0 a

MWr Ev I

.. U -A

I.. U t . . ~ ~ t .- -.-- - - -- - --- - ---

Sw *o~~~CC~ecC~ecocIOO@0@O@@O ~ ~ W6

-- w~106



a v

* m

~116

mu

*107



I-IN

Wi0.I/CC;;6ý6 6666666 a 6CUYW;0U a 1U 4c~crc

-immo s~v ýsrw .mmimai

'a C .... 00C 00C a0000 0 .0 a @c 64 ; ; ;C; 4i4;4aj loa 0 C;04 ;qfb4 .00 C

. ..... . .. C: 9
a CD 0 0 0 00 a0aa0 0 0 0 0 0 20 a0 0 0 00 em

-- : = 
a - -~C; 666666000010,0000Doco00 @00000000000000

gu -- --- V------- - - -

-k F F -a - - - - - - - --2!F F
ft 0. 9 !tcCCC .~~~~o ~ oo o ~ o o o 009 .0 . ýC ýI C ,0Ca a-

.. b~v - - -NNN~

Wr S r r r r - - - - ~ ~ -- ,~ - -
3w o 00 0000 000 0000 000 0000 0000IL

-- 10-



0. ;

S-SO

fm

Ini

o 5 to

w•w

* a

o,% fm o. - m

MAS

-5-A

,--09



v s v v v v v vvv v

.. . . . ... .8

as ~ ~ ~ ~ ~ ~ ~ ~ -UW-O -aaa 0- 9 . 9 . .... .... 99 41

4 00 00 0 0@c O0@0 @0@ oooooooo~o!99o

Z4 W~* N0 - 0 -
0 :9-a N N N N N N i t mk aV N

-- 9 9. 9 c cc . .O9900OC00~c00Ua4cooooco ooo oeeoc ooo9

........................... .............................. ............

CD a

mm S.0

FA~P ~ N N

BA AZ

Goa 0 C I 0 C 0 0 0 00 0 O 0 0 o . 0 0 0 .
44c m

IL.

vsN NN . Ny~ b FN Pd~ NNma N~N a N

0. ~ ~ ~ ~ ~ C --- - - -- - - - -- -------
~ ~a 0000 000 0000 O0O Oo~o a~oooaooem

*NNN QQ~ 0 40. N.~ . NN4 .- w ~a-g~0N W~@~a-

..- a- NMNNN~~.- -NN NN -N. NNN mNIa~a110N



40

C; *;

-' - 010

19 Ot
* S - WS

-I ~ N S V S 4SVVVt

0: ,ýw!s

*S*in 5 Ao

__ _ _ __ _ _ __ _ . N
I. 4c

= IL

WE_ __ _ _ __ _ I
1-_ __ _ _



v v v v v v v v v v v vv vv vv

ac C - - - -- Saa----------- 00--------- - S C

aJ~ C -- -s- - ' - - - * - --- - - -- .

O-GS S --..........................................
i tC t9 C ZC tC tC ýC t C

-j M --- - - - - - - - - -

C! . CfJ .. .. 9. M..'it Ct 9 9.4I.9

* -------------------------------------------------- -

i- ;;CCC .. .. O O O O C O Ct .C t ........ li ..........

- U S %. --- -- - ------------ --- -
zw59ao~oCoCO@CCOCOOO@@

L) w

OuoCC@CCOOO@OO@O@C@

-,0QV Nn vwNW- aWi u o

C .. S.

1129~



Li9

* 0

*v v ____--I

V! V1 V!

C2 an fa an

Wk-%

In b..
NO- V

* 9113



0: azaa a.9c t.. 11

:6C;C;S@@C; C; *1000000000 00000 000000 0 00

S.0

.8 .. J ~ .------- ----------- - - - -*I. @ OC O@ C OQ @O oc . .. oo oo m

Ca......................Cc9 ,~~t9 .................... It.......

-W Mo tN-tvI 0V "; -

C.

I~~ ~~~~~~~l MURK--------- ------

*~~~~~ 00 C aa o o . a . o cc A Aa o c m

1 v. . . . . . . . . . . .

COCCDa~aa.aaaae.cooot.*cp

AR tA0

. e c o o o a o a oc c e . . e . e m

.4mPRI m WINfN - Y N N_ 9V ý SI V ;A p". r 10W X 2P

@@L@eweaeco.e.o.c.nU

0- - 0. N .~- . 1'.. N 4LP~
- L. * - - -------------- - ---- ---- --- -- till-

w ~ acc aao aoo coo ooc co~coce~114.



* I I
* * mi

S S S

. .a
* .u * *.. �fI
I - *

-J I* j 5. V V V U
-: U I

* S S
* S S
S S

_____ ___________________L �
S S

_________________________ EU
* S
* S
* I

- 4 4 N
* S . . S S S

* 0 0 5- 5- .5-

:* 4 S

* I* - -
* I S *
* I @0
* S

* Eli ild�
* � * � �ii� a

OS WV V * - -
:5;

t
I-I S
SAl

WI- �I

XI
WI

S S

I -
SAX I C N P15-

� 6
V

I 55

I S I. t
S �

I * -

* :1
P1 4 4 N Eli I

S S S S S

5- 5- IV 0 5

* V
* 5- P1
* - P1 * N - 5-

______________________ II
W -

I-

_____ ________________"*�!!
�* * :

!� I: * - =

� t �

_____ _________________f�i:1 I
* -I _________________

115



v vv v v vv vv

C 0 aooo cooo•ooooo 0diCCCa~~;aaod omooicaoo oooo
=4 - a !

• OO~OOOO @Oe@OOOOOO~oo!eeOinOOOOOOmOOOODe@

-, ~ ~ 0 N.O$AaQ@@@O .OaOO@@.O@@C@O@@mmae

w. !.. . . . . . . . . . . . . . . . . .

.+ .+ ' .-..- .. . ... . . .. .. ... .. .

I 00 000000 0, 0 WHIRR WAR"00 0 0

a IA% -1 N, 0 A We m m 1 tASA1 1Ar; a Z9 R AV.9Pn 01I-O

V wt

Im
W4 .. J.

11



S: !:,
~J*

U. t

•m7,

"* a

* l. . ,@ • *,

_ _ a

*, , . , -I 'ow, .

a. Pd '0



N: 49.P~ 1 Evlýi zN71 0
V ~vvv 55

4 Vag~~~~ ~ ~ ~ gj 4-1jjgj-
a 2 14d 4 "J P4 1

*4 . v v v v v v v v v v v v

da ~ a . .4 . . ..~ .~ . . I . . .9gk ~ ~ ~ ~ ~ ~ I III C40 3^1Af11 wot 3s w00 4 40 1
11ýY U41:1 tfa4 los Vjlvývv ANVARASWVVIS

.~I .: . . .Vo

,L v v 'e'e v

kuV

C; :1%; c; I

~: - -N NM N~ano~M
mi99999 99 ttCi~i

C; C;1 C; C; Q ocaM4;

qS clotbu I

AR ,S OR A

0 v 4 0 , 1 in a V

.j I - - - -

;U ~ ~ M Ion*. * ** ~ O @~ o 0N MIW

IL

-a ~ 313



MA a

WIA

Lis sass

v vi

v ,, v

r,

119

'*I % I ,. ..



Iv v

1. x

i -. 1 1 .

VV V

•fm

pi |

was

.... . .. ....120 iI I II.



OA,

4.

-iu

,5 l

em NO

* m

0 -ON bma N o

64 v

GA121



* a
ma

* a
ma
-I

a 4
U: a . a a a* I I � _

U aV V
-* - N

* a

t� t�* L 1 .
-a

*IW ________________________ Ii
-- a a
*3 a
-- a a

a 4 U p
0 a a a* IA N

00 a - U -
* - -

�V �

* en en
* S @0* a

* en S M% 4 t..* U U
* S * a a * a- N �E EqN en

-, 2
Pa.

a a

WI-

Wa * a
* ,a rn a en a
* N tad - 4 ed

U N
Pd 4 a

* au�
* a�w

* a
* a a.
* 4 N N N N N a *.

* IA a- en S en -
a 4 W� U N

* - en Pa- a I
* - en P N
* a
a a
* � Ii
a a a :1 t

* *�� -
a �U

enena Ba
4 V

;: :
.0q - Ii
a S __________________________________________ -,

122



.9 Iml

=a.
v
4mN

0%fyg

0 2 3ilk

M* a

wasN *e'

ImC

123M



0UýnCýi o 91 %Iid -, W1CP9Nnn 9nQý KEXE K * iEa

ar , O 4 p NNyM p 
5

.* , 0
g Q A aI1 -9-

* ~ ~ ~ ~ ~ ~ ~ v v v N - Q m -~ K.- .
UKE

IQ 0 CY 9044c
&~o . ,

Og IS

on, W; W

~~~00O3.1c~if M0 0 m E ! nJc ; 8
~~4 Itm m m m N e f d - -0

fA fP. NCA ~~
zh 8.9' '00. v@. 0 0 0

Mla

-U Emf

Iw I-LW

cc~c~cIc ~ 124



Md

I li

(*

VVV V

Rea

i

I!w,

i o S l W!IAW!Ui

IEEE

00 a
In I



* 4 4 4
* 4 �4
* 4 4 4

4 �,

*�4 'V V V V V* m U
* - 4 * - N -
a * 4 4 4 44 44
* 4 6 �*: I*�

Si" _________________________ Ii
S..-

.3
- - Sf Sf

4 al

2 a
I V V V V

* U N .0 II
0@

* S ma
4 '1 * S.

B -J g u
* V V �VV � *

* q

We- 4 4
b-u *

W b4

�34

'ft x E- e- W �S X 3 K U1' 4
a VV V V VV V

.* a @a a
WI N .0 - 4¶l - -

* H
* F
* 5

* 4
* 4

* �l

* H
* V V V V V

- �, t.
-. N .a

* S
* 9

� LI
:� IV..-. V V I �
4- - � hi

____________ ____

126



* C S S

iI ,-:

5 5 ---
- S . i

"IA _ _ _ _ _ _ _ _ _ _ _ _ _ I
-,4i~

S S

-- S S

-- S SU i



* . a a
* a *.
* a a a

a *a
a Sa a. �I _ N

V. V. -.* a a �a a -a *� a - a aa � a �a V aa wv a U. m m a
* - a -a N aa a a

CO a a a______________________________L �
waft ________________________ Ii�. �l
-- a a

a a
a a-- a a
I C 0 N N N U a
a a . a a a a

00 * 0 - ana - 4 4
'%a a. a* tall

a 4 U N

a a
a a ff�
a a a
a a 00
a a
* U 4 * 0. 4
a a . a a a
a C N �
a an o j

aShA*
N

Wa-I-u -aw Ea a
hA aa I

4 P..a� 0 a
a a a a a a a

hI a 00 0 a
-a-hA

a a
a a
a �aJ V. V. V.a S

a a'Ii
a a
a 4 4 N � an U a aaa aa a a a a a aan N a pam a a-

t�j an ag 4 a-
a� - a!

y- an 0 N V.Pa N a I
a a
* a

* ___________________________ a

i
*
U U

______ a. .aEI-

a a - a
a a U aN

a 1

�t4 aL��a a a.hIS Pa a Ba a-

� .
56 * a .ia qa.

na.. aa� .� a ula
U ab. . a Ua 9 a -

a a - a U at
a a ______________________________a S.

a-OS- a
Wj

128



I a *.

:5: -. '0 a q- �.

B
a �a V V

* WV a me U m U a
* - a �a - N P1 a
a S a

Ca I I I

_________________________ Ii
-- a
mu a
-- a I

* faa 0 0 0 C
I *

aa j �
- Pd

.. N '

a M
* I S

* I @0

a � **
* a � � :�=.
* a a * I I I
* N

* - � .0�
a. a - ya

5- :5 E
a ** a.

WI-
I-U ''
W �I

K,
WI

a a, a a I I I I

a NM C U S..U
a 'tar, a a. 0
a � 3
* I

a. q- * N 4 0 I
* I

* :ut
* .5p

a :�
* a I.
a 0 a. 6 * 1 S
* . . . a a
a N # 6 6
* U - I -

- I-. I El

* - 0 N
* I
* I

a I I U j*I�
IL * I
a�3 * I * � 5

S �I* .
aGw�S . a a. * - "� U

��%' � aI-s V V VV

:;
I..w�5 a I

b41.. 0

129



-v v v vv ev 9eN

A!~lN- n ti1 ýN99nI ýN01 N&AN 4 N

vvvvvv vvv

-0

@cc 0Wp NNN w

-v vvvv *v v v 0U

-K 31 a 4 8N 129 o- 900 e9 9 Ile.9 . . . . .. . . . . .0 . . . . . . . . . .

v v mm vv v vv

-U .. . . .-A ui
P4-

-- 5 00.EiNO 0S~v

Icr . R" L

v v v v v v v v vv V V v v vv

@. .~ I A A PE

6A

" - E N e-

PA. WA

L. -NNNN NSf4 ft W IUMA MAI

b ~i

euN 4 A. s ~ q on.* Lf %0

130



Eia

Z4 V

t: v

01.

0 -4

cyb

-C

N W 4

I. C- 4 W -

4c *US -

M~ j
4b*

S13



0 0

* - - -•

'° in

r* w! r

W o
to 1

1 a

Mu..

_ __ __ _

13

C C m

"C o C!

C CC C
* C C

II il U ,



* 5 5US

2: 5O 5�

S a: :
*5 **

S.. 5-
5 L �

S S ______________________________

- I-
am

_______ _______________ Ii
OS

* SS S
S S* SOs N ON I* S S .5

* N N
* ' � N
* N � 4 U

515
S @0

* S 55 55* N N
* . . . S S S S* N *Os M� U N* w� - - -

OS -

j�SS'b N .15 S5�
* S

5.-S I
* S

wS

Its IA - U
* C NS. 0 4 0 N N

Wb- N N P1b-U S -
O S. U

'C
b-W S

SB�
* - N Vs 515 N4 0
S . S S S * S

- NWs

S Vs 0 N

SI'

F�!� �L L 0. I *. 55

�

S b-S
� :; ;

a. , ,___________________

b-Sb-S

133



40 w

-l 4 4

44 44 0t

a ON u u

- mm

44* -0 In 4

OL v Ei

,.-134



I I S I
* S .5

S I *
S QS

* I -,* a: 00
* -'.4 I WI

El . �. V V V I
-' I -v 0 U
-a . .. -, - n m

* I I * 9* II

I I S L. �
5-I-

3. _________________________ Ii
hag
00

* I
* I
* a
* Al U m @Al N
* * S S * *
* U% �
* -

Al .4 4 Eu
* w -

* I -5
* I 095
* I * S
* I 00
* I

* I S S S S
* @ .4 0 .4
* 0 '� S� 9- 0
* 9- U U
* I * U

as S - W
-, - *

N - . I
9- 9-

S 4
5-S S

WI
* I

095 .4 0 9-

I
W I V 0 .4 6

Al 4 9- 9- 9-

&ft X s 5;

S S.
* �. N * 4 40 *I £
* * * : �* N N w * -
* - � N -

* mm
* 9- 095 N j -
* - 0* Al - 9- U

* -
__________________________�S 5.

-� I I

=3
4a0 .6 I 41

�AJ�I :8.. 1
�

** . �VV V
*�* ** I S I S.

I -s __________________________

I-as-a

135



IN

'EN.. . . . . . . . .. . . . . .. . . . . . . ... .v
.' . . . . . . ... . . . . .0.o .. . . . . .. . . . . . . . .. .

E 1:. N

6 13 000 a if l g
4 414 i

j~~~ ~ ~ ~ iUvvvv vv a ~vvv

' ! -9

L;:

. . . . . .4-

qa~c .... Im

.9 9 99 1~ 16 - C; ;4 . . . . . .

it aV DRR40-9!a2 i

N % : tt N ,
5a:

055- * 0. % 0 g"

~;C 0000 N0 00 00 00I "I 00000 tat! 0 I N

U, qc .- M08 w
VVVV VVVV V V V VVV VV S VV6

5-.-6



ii,

V9V

wam

vi °i bi

wa~ w

mII ^ ! •

ViaV

YV13

++ 1; ~~

* vV

I!

=if

137



II

S Ua
v v

¥Id

-a

113

* V V

* 2l

*-a m e



a S. a

U
.9U

Wa

- a - a - A a* a aa. a. a a a
*�aA a

_____ ____________________I

iia.
* a
* a
* a
* a

- iJ Ca* a . C �a* a a
* a. N

V
a N4 -

* a
* a �
a a a *a a @0

* a . *a

a. - '-4 w� '0 - -
N NN N a. E E

0 a

a -
* a 4

b-a a

b� Wa a
W a aa � 44 4 - a

U a 4
- a a N

a a
b-U a a

V
0 4 0

U aN - - - I
U X a

U 0
a N 4 - N N
* -
a U
a - * N 9- Iv.. =8

_____ ii'
� a�j at. ii
Wa U' 9..

a -
C C ab-.

.. a a 4

:� ______________________
* a

0
Wi

139



in C! Iý.i

P* I- V:

I-IV

INI

*140



iiinoft:
N6 ina

IJ at-I.
ain

mxm
__ _ _ __ _ _ __ _ _ I

@0 -
a 4a

a 9 a
9La

*14a



0 0 . . ..4

• vvvvvvvvvvv vvyvvy YVVVV VVVVVVV

-j --,jht

__ : t

&. K I! . . . .

gig i

VVVVVVVVVVVV V V V VVVVVVVVVVVV VVV V V VV

0 a

bim . i ;..W!.' . .

*V V V VVV V VVV V VVVVV VVVV V VY V V V V V V V VV

~a:
g-ill

4C AV t:4 F :
Hl E -I ;:

IV. t: I*j le4WgWII m i t9 1As N ll " AA01I

--- -: - - ---- - - -

Hal 11.
04 P: j--

W L u

Ai.5N-N~..a~iuin142 M



4.-S

ma m

iifin
v v v

... :-,•

106

2 -C

v v v v

', ,,, I

MA

se:
V V

..-.,-

14



7
U,

a,
- S 

S

a V * V

a a

* l�Fi�R

-I
-I-a

S... ______________________ 
Ii

-- S 
S

-- a 
a

a a a a a aa� Ii
* V V v v vv * U U

* - - a'
* .
* 

S

* 
S

I 
I

* 0 0

a a
* -: 5�
* a.

Ba
- a

-aa a a
V V S

WV �V �V �V

N

* 
a* SI

a � a a �
* - N V : I

* 
a* �.

-____ _________________ �I
a aI� V

a S S _________________

Wi

144



* -
O0 •. P 0'

-afa q

f15



UA,

v .

I- u

WYY

v v

1469



* Sme
* S

a.
-Sa: 6*4* x K H

K K H
V V V

mm
* C ** **

* S __________________is j j

-C

'-I
*. *1 Ii
-- S S
U. S

I 5
Vi

V Va - 9-
Al * 4 K

* Vi Vi
* C
* @0
* S* **

* I.-
* -�

* E E E 9-
- am

as V V V V -�8 E
C- C B.

CSJSs-s-u H,
SAl �5

�cS
U., C
- S

...a -* .8

U, � mm � I I I
5 C

V WV V V V
Al - U -

- - N

S S

S S ** g* .1 -� � S S U -
- K K � U Al e - C-* = = 5 5 5-

V V V V

5 q- * Al

__ _______ 0.

15 C I Is ii
LL I

"
4� * * V V *�:� V C 3

�5. 0. .

-a� a

147



0-60

4. w,, Fm mum In.

all

wa i:: ~B S* * B B BB BB B B B BB BB B B g-

~~148



o a
ma

* aa,
-a a

C
* a

Wa = U U
- V V V

-a - g�d WI

__________________________ Ii
aa

* a
* - a

-aB U
* V V VV V V V
* � U - N
* N .�

* a* : Ii%�
a a a a* a *o
* a

I � U � �ii
Ce V V V V V� V
-a -

w
a- a-. iU, IA, aWa- a

B B B
a N

a aa S

* a* V V V V V V a
a * fl a
a aa a

N ______ ____________________ ifon
a aa L a I
a * � I I

a a
a a a

aU4 a *a
�gaN a. a �a

�V

a �

a a a b
0

149



C;4; C;

wall

i ~ ~ ~ ~ ~ ~~oe tommemammfugmm fm.. r

MA

150



I-Il-

*~O w!h

IMPI

v v
* 0A

* S-

* S ..

R-i U *151



-- v v v v vv v v v v v vv v v v v v V"vvv

a 0: -a i2 1, I- , I

a ~ ~ C a- o0 g Nw --
^..........22R22229222222222 .2222C

.8 IFl2222iiB222f2222212221222

r~~~ Aimimmmmmmigmaa WINmm WWLWbb
ONN: ma 9 miiAiigimA mi NA igiiANNh-iiii M ii Vnaim"

tCD isa,

-5 - - -- -- ----- - - - - - - -

LJ-i

~ ~A W w ww I I WII

:w UURwuulE II~ MA

P to -6 Kim

IL-- 18

152



vs

0.0

MEWv

.. . I .I.

P- 0

* iv e

&W

I-I

* a

* V V -V -

a. V VV V V V

ID, - _ .

V VV V V VV

* S



-i

Mmu

* 9. .9 .01121 W*

gk: 0 M944

.4.

l- -

1 --- - ---- 54A



fm4

us 0
* S

v vv v v vvv-

rm _o



a -,

v v vv v vv v vv v vv v vv v vvwv v vv vW v v v v vvv v

~j j j

00 .

* NN NN N

c 0 0

i'i ;RIIA Ab-AAao A AAsA A it AmmmAmmAussk~%A b42nsAusmsA R uumu0!um

I'-L
EA~ P--OwaPWlilt

156E



as j

* - i W
5 *SV V

-a v v
________~~2 o-__ _ _ _ _ _ __ _ _ _ _ _~ i I

*v 5

I v

itt

U 157



APPENDIX H

QUALITY ASSURANCE/QUAUTY CONTROL EVALUATION

A number of quality ass'rance/quallty control (QA/QC) procedures were followed to
assess the quality of the reported data. The data quality objectives (DQOs) are listed In
Table H-1. The DQOs, defineu In terms of measurement accuracy, precision, and completeness,
were originally outlined in the Quality Assurance Project Plan (Reference 1 ). In response to the
EPA QA review (Reference 2 ), the DQ~s were subsequently revised and submitted in the
Acurex Environmental letter dated 6 May 1992 (Reference 3). The high variability of normal
booth operations causes difficulty In establishing DQOs.

A. ASSESSMENT OF OVERALL DATA QUAUTY

The DQO results are presented In Table H-2. Nearly all DQOs were achieved. Some
objectives, for the Integrated sampling, were not met for side-by-side duplicate samples taken
at specific sampling locations. The variability detected from side-by-side duplicate analyses was
due to sample orientation. Great effort was expended to ensure that the duplicate VOC,
particulate, isocyanates, and metals sample systems had Identical orientations. However, some
samplers shifted slightly during painting.

1. Precision

To ensure data precision, air flow rate anemometer measurements at the booth
exhaust and intake faces were obtained following each test. Duplicate anemometer
measurements were taken at one randomly selected grid site per test. Split-flow duct flow rate
measurements were taken according to EPA Method 2 prior to each sampling event. A duplicate
measurement was taken every 2 days. Due to cyclonic flow patterns In the recirculation duct,
it was not possible to measure the flow rate of the recirculated airstream using EPA Method 2.
Therefore, the precision is undefinable.

To assess the precision of CEM sampling, the periodic zero, span, and reference gas
response results were compared.

To assess precision of the Integrated pollutant concentration measurements In the
booth, duplicate samples were collected during each sampling event. Because sample collection
occurred under dynamic operating conditions, a side-by-side sampling strategy was adopted to
generate the required duplicates. The side-by-side samples were located and oriented as close
to identically as possible, but under normal booth operating conditions the sampling system
often shifted during the test. For this reason, the RPD at specific sampling locations was
observed to be as high as 100 percent. However, when averaged over all the duplicate samples,
the precision RPD DQO was met for each pollutant category.

Side-by-side duplicate samples were also collected In the Integrated duct organic and
isocyanate sampling events. Precision for EPA Method 5 and the Draft Multiple Metals trains
could not be assessed because setting up side-by-side duplicate sampling trains was not
possible.
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TABLE H-1. DATA QUALITY OBJECTIVES.

Measurement Measurement Precision Accuracy Completeness
Parameter Method (RPD) (% Recovery) (%)

Volume Flow

Exhaust and intake faces ACGIH 20 +±40 90
Anemometer

Ventilation ducts EPA Method 2 20 ±10 90

Particulate

Exhaust and Intake faces and painter NIOSH 500 35 NMa,b 90

Ventilation ducts EPA Method 5 NMW NMO 90

Metals

Exhaust and intake faces and painter NIOSH 7300 35 *30 90

Ventilation ducts Drat EPA NMd +30 90
Multiple Metals

Organics

Integrated NIOSH 1300 35 +30 90

Continuous EPA Method 25A 20 *20 90
BAAQMD ST-7 20 ±20 90

Isocyanates

Exhaust and intake faces and painter OSHA 42 35 ±30 90

Ventilation ducts NIOSH 5521 35 ±30 90

Paints

% Volatile Grab sample, 20 ±20 90
w o.lose on drylng

Usage rate Observaton NM9 NM" 90

Density Grab sample, 20 ±20 90
* ________________I wi/vol anlyis* I_ _ _ __ _ _

"aNM - Not measured; not measurable.
bMohod states t the bias is not significart
cThe pnimay or souroe Is nor sollneticity. The sldeicly objective is 90 to 110 percent
dPrecivion (as relative standard deviation) Noted in the method ranges between 10 and 25 pel,.,-i
"Not definable. Estimated at ±50 percenw
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TABLE H-2 DATA QUALITY RESULTS.

Measurement Precision Acouracy Completeness
Measurement Parameter Method (RPID) (%Recovery) N%

Volume Flow

Exhaust and intake faces ACGIH 5 NMa~b19
Anemometer

Exhaust duct EPA Muihod2 5 ±2 95

Recirculation duct EPA Method 2 NMb NMb NMb

Particulate

Exhaust and intake faces and painter NIOSH 500 32 NMr0  90

Ventilation ducts EPA Method 5 NMd NMd 90

metws

Exhaust and Intake faces and painter NIOSH 7300 23 * 15 90

Ventilation ducts Draft EPA NM* *20 90
Multiple Metals

Organics

Integrated NIOSH 1300 24 ±30 86

Continuous EPA Method 21A 10 *10 90
BMQMD ST-7 10 *10 90

Isocyanates

Exhaust and intake laces and painter OSHA 42 10 N~wt 95

Ventilation ducts NIOSH 5521 10 * 18 90

Paints

% Volatile Grab smpl#, 5 ± 13 100
wL loss an drying

Usage rats ObservationM NMO 90

Density Grab sample, 2 *9 100
__________________ vt/ vol analysis _ _ __ _ _

aNM - Not measured; not measurable.
ratlw e is not meassurabl due to cyclonic flow pattrns in #1he dud.

cMethcd status that the bias is not significant
d The primary error source Is non-lsoldneticity. The lsoldneticlty objet"v is 90 to 1 10 percen
*Precisioni (as relative standard deviation) listed In the method ranges between 10 and 25 percent
fSpike analysis not conducted.
No definable. Estimated st ±50 percent
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To assess precision of the paint percent volatile and density measurements, duplicate
samples were collected and analyzed. The paint usage rate was determined gravimetrically.
There is no practical method for assessing the precision or accuracy of this measurement.

2. Accuracy

Due to cyclonic flow patterns in the reclrculatlon duct, the relative accuracy of the air
flow rate measurements in the booth was not quantifiable. The accuracy of the measurement
of the split-flow duct flow rate according to EPA Method 2 was established using calibrated
standard pitot tubes.

To measure accuracy of the continuous organic concentration measurement, a mid-
range standard reference gas that was not a zero or span gas was used. A solvent mass
balance calculation provided an additional means of measuring accuracy, by comparing the
quantity of solvent released into the booth to the quantity measured by the continuous monitors
in the exhaust streams.

Accuracy of the metals sampling at the exhaust and intake faces was measured
through the spike and recovery of filter samples according to NIOSH 7300. NIOSH 1300
sampling accuracy was measured through the spike and recovery analysis of unused sample
tubes. The spike compounds and concentrations were selected based on the paint solvents
measured in the charcoal tubes. Spike and recovery analyses of particulate samples were not
possible. For the exhaust and Intake faces and the painter, accuracy for particulate sampling
was not measurable. For the ventilation ducts, particulate measurement was aiso not
measurable because the primary error source is non-isokineticity. The isokineticity objective is
90 to 110 percent.

OSHA Method 42 was followed in the analysis of isocyanate compounds obtained
at the exhaust fane and in the vicinity of the painter. The method does not call for spike and
recovery samples, and such were therefore not performed. Instead, isocyanates standards were
tracked to watch for Instrument drift, loss of column performance, and other errors. In addition,
four standards for each analyte were run at both the beginning and end of each analytical run.
For NIOSH 5521, the laboratory obtained percent recovery data by spiking samples with urea.

To assess the accuracy of the paint percent volatile and density measurements,
%o published values from MSDSs for these parameters were obtained from manufacturers and

compared to the analytical results. Usage rate accuracy was not measurable.

3. Completeness

The 90-percent completeness DQO was selected based on the successful completion
of similar projects In the past invoking paint spray booth emissions sampling and evaluation.
A completeness level of 90 percent ensured that sufficient valid data of known quality were
collected to evaluate project success. A completeness of 90 percent was achieved in all of the
sampling events, with the exception of the integrated organic sampling, in which an 85-percent
completeness was achieved, rather than the projected 90-percent, due to the malfunction of the
pumps used in the NIOSH 1300 sampling procedures.
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B. OUAUTATIVE DATA QUAUTY OBJECTIVES

The painting operations in the booth were highly variable and non-repetitious. Therefore,
a primary concern was that the samples collected be representative of typical operations. For
this reason, sampling occurred over a 3-week period.

Careful scheduling with the paint spray booth operator was required for the successful
completion of this project. Acurex Environmental coordinated with the Travis AFB personnel to
ensure that there was a sufficiently large workpiece backlog for each test series. Acurex
Environmental also endeavored to ensure that a representative sample of each typical workplece
was evaluated.

C. REFERENCES

1. Hughes, S. E. and Ayer, J., Category III Quality Assurance Project Plan (QAPP), Acurex
Environmjntal Corporation, Mountain View, California, prepared for U.S. Environmental
Protection Agency, EPA Contract No. 68-D1-0146, Work Assignment 0/004, AEERL, Research
Triangle Park, NC, March 1992.

2. EPA Quality Assurance Review of the Category III QAPP, EPA Contract No. 68-Dl -0146, Work
Assignment 0/004, April 1992.

3. Hughes, S. E. and Wolbach, C. D., Response to EPA Quality Assurance Review,
May 6, 1992.
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APPENDIX I

ECONOMIC CALCULATIONS
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APPENDIX J

EXAMPLE CALCULATION WORKSHEET FOR PERCENT RECIRCULATION
VERSUS PERCENT PARTICULATE REMOVAL EFFICIENCY
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PROJECTED POLLUTANT LEVELS WITH RECIRCULATION

This calculation assumes no split-flow.
% REMOVAL OF STRONTIUM CHROMATE 85
% REMOVAL OF ISOCYANATES: 85

RECIRCULATION RATE 87.4%

This worksheet compares results to the TWA Em, not to the STEL

COMPOUNDS
DETECTED Current PROJECTED Booth

LEVEL W/O 8-hour TWA LEVEL Em Calculation
RECRC. PELorTLV mg/m3 (dimensionless)
mg/m3 mg/m3

ORGANICS VS. Em
VOC1:
MEK 5.80 590 #46 0.08
VOC2:
MIBK 4.20 205 33 0.16
VOC3:
TOLUENE 0.64 188 5 0.03
VOC4:
N-BUTYL ACETATE 1.10 71C 9 0.01
VOCS:
XYLENES 0.11 434 1 0.00
VOC6:
ETHYLACETATE 0.26 1400 2 0.00
VOC7:
2-BUTANOL 0.28 305 2 0.01

ORGANIC Em 0.29

METAL Em CALCULATIONS IMetal Em
STRONT CHROMATE as Cr 0.0063 0.05 0.050

ISOCYANATE Em CALCULATIONS ,,HDIEmn
HDI 0.00(1570 0.034 0.005 0 13
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